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Preface

The purpose of this study was to validate and evaluate

the Air Force Hazard Assessment Rating Methodology (HARM).

The HARM model is used to evaluate past hazardous waste

disposal sites. HARM predicts which hazardous waste sites

warrant detailed investigation based on the potential risk

to our health and environment.

The results of the Phase II investigation were used to

validate the HARM model. At the time of this study the data

from Phase II investigations were limited. Although the

limited data restrict the direct application of this

research, a method to improve the HARM model was developed

and other valuable information was obtained.

The preparation of this thesis would not have been

accomplished without assistance from others. I wish to

thank Mr. Rich Murphy, my advisor, and Lt Col Al Tucker, my

reader, for their assistance and direction. A special

thanks should also go to Donna and Debbie for their endless

typing and editing assistance.

To my wife Donna and sons Matthew and Steve, I express

my deepest gratitude for their encouragement, patience, and

understanding.

Myron C. Anderson
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Abstract

The Air Force uses the Hazard Assessment Rating

Methodology (HARM) for the initial screening of uncontrolled

hazardous waste sites in the Installation Restoration

Program (IRP). This initial screening evaluates the

potential health and environmental hazards associated with

the site and determines if the site warrants further

investigation. There is a definite need to properly

evaluate these sites because investigative costs are high

and it is important not to eliminate sites that need further

investigation.

This research evaluated results from actual Phase II

investigations. Discriminant analysis was used to improve

the HARM model's ability to properly evaluate sites.

The results indicate that current HARM procedures

correctly predict which sites need further investigation and

which do not only 68% of the time. Through the application

of classification techniques developed in this study, the

preditive capability was increased by over twenty percentage

points so that approximately 90% of the sites were correctly

classified. Before the refined model is applied more Phase

II data are needed for final evaluation and testing of the

new model.
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VALIDATION OF AIR FORCE

HAZARD ASSESSMENT RATING METHODOLOGY

I. Introduction

Overview

In 1981, the Environmental Protection Agency (EPA)

reported that there were 14,098 hazardous waste generators

who generated 264 million metric tons of regulated hazardous

waste (8:5). Prior to 1976 when the Resource Conservation

and Recovery Act (RCRA) was passed, there was little control

or regulation of hazardous waste disposal. Many materials

in fact were not recognized as hazardous and therefore were

disposed of in what was then thought to be a "satisfactory"

manner. Today many of those disposal sites are causing

health and environmental problems. It is estimated that

over 20,000 sites in the United States contain hazardous

substances and that as many as 2,000 of these sites pose a

significant hazard to public health and the surrounding

environment (9:757).

The Comprehensive Environmental Response, Compensation,

and Liability Act (CERCLA) of 1980 was passed in part tc

identify and clean up those hazardous sites generated in the

17



past. CERCLA, which is commonly known as the "Superfund"

bill, states that federal agencies are responsible for the

identification and clean up of their own uncontrolled

hazardous waste sites. The United States Air Force (USAF)

is currently in the process of doing this under the

Department of Defense (DOD) directed Installation

Restoration Program (IRP).

The process of identifying uncontrolled hazardous waste

sites receives considerable public attention, often raising

emotions and controversy. Additionally, the USAF effort to

identify and clean up these sites is expensive. The DOD

cost of the entire Installation Restoration Program is

expected to cost between $5 billion and $10 billion and take

more than 10 years to complete (12:9-10). The cost of the

USAF IRP through 1991 alone is expected to exceed one

billion dollars (7). With this amount of public attention

and investigative costs in the millions of dollars, it is

"* imperative that sites are properly identified and hazards

accurately assessed. Costs increase significantly when

sites progress beyond the initial identification and

assessment phase and into the investigative and clean up

phases. Consequently, USAF sites improperly identified as

hazardous sites when, in fact, they are not can result in

considerable unnecessary costs to the Air Force. But of

equal or greater concern is the possibility of not properly

.. identifying all sites that are hazardous. This situation

2
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could result in direct adverse impact on public health or

the environment as well as be a discredit to the USAF.

To properly identify uncontrolled hazardous waste sites

and to assess site risks or hazards, the USAF conducts an

initial records search at a base. Site hazards are

evaluated using the USAF Hazard Assessment Rating

Methodology (HARM). HARM prioritizes sites based on their

estimated hazards to public health, welfare, and the

environment. Sites with a high HARM score require more

extensive investigation while sites with a low HARM score

are eliminated from further consideration.

Background

EPA Superfund Program. On 11 December 1980, the

President signed into law the Comprehensive Environmental

Response, Compensation, and Liability Act of 1980. The act

established a program to deal with the problem of

uncontrolled hazardous waste sites. Sites are considered

uncontrolled and hazardous if they are releasing or

threatening to release hazardous substances into the

environment under unregulated conditions. CERCLA also

established procedures for identifying and reporting these

sites as well as new hazardous substance spills or releases.

The financial responsibility and liability of owners,

operators, and users (both generators and transporters) of

hazardous waste sites are explained in some detail.

3



Hazardous waste sites vary considerably in size and

characteristics. They include landfills, chemical disposal

pits, drum and tank sto rage or disposal areas, contaminated

areas as a result of spills or explosions, and surface

impoundments, virtually any place where hazardous materials

were deposited. The hazard associated with a site can vary

significantly depending primarily on the amount of hazardous

material and the degree of hazard associated with that

material, as well as where the site is located and how well

the hazardous material is contained.

A substance can be considered dangerous or hazardous if

exposure could result in: acute toxicity, carcinogenic,

mutagenic, or teratogenic effects; devaluation or loss of

property; or the destruction of endangered flora or fauna or

"* - their habitat (6). Also dangerous are substances that are

. ignitable, reactive, or explosive. Some examples of these

types of substances include organic solvents, pesticides,

heavy metals, strong acids and bases, salts, munitions,

fuels, and many other organic substances. The substances

create a hazard when they contaminate the soil, surface or

ground water, if they give off toxic or explosive gases, or

if they are in an unconfined area where people or animals

can come in direct contact with them.

In addition to identifying and reporting uncontrolled

hazardous waste sites, Section 104 of CERCLA requires

remedial action where necessary (6:0703). The remedial

14

r



action may entail field investigation, containment, removal,

treatment, and recovery or proper disposal of the hazardous

substances and contaminated resources. Relocation of near.;y

residents or other restrictions may also be required. if

necessary, an alternate water supply may need to be

developed. Site rehabilitation and monitoring are also

normal requirements. CERCLA established a trust fund to

help pay for these activities at sites where responsible

parties cannot be identified or are unable to pay. Where

federal agencies are responsible they are required to fund

their own remedial actions. To identify the worst sites

that require remedial action and possible federal funding,

EPA developed a Hazard Ranking System (HRS). The system is

used to evaluate uncontrolled hazardous waste sites that are

candidates for the National Priority List (NPL). The NPL

now contains over 500 sites for remedial action and funding

from the special trust fund (11).

DOD Installation Restoration Program. Because CERCLA

gave responsibility to federal agencies for their own

remedial action activities, including funding, DCD

established its own clean up program. Actually the DOD

program was established in 1975 when the Army was in the

process of getting rid of excess property. The 1RP was

established to identify and evaluate "contaminated lands

and facilities which were or might become excess to DCD's

needs" (13:1).

5



On 24 June 1980, in response to RCRA requirements and

in anticipation of CERCLA, DOD established a comprehensive

program for all DOD installations by issuing a Defense

Environmental Quality Program Policy Memorandum (DEQPPM

80-6), which was later updated by DEQPPM 81-5 issued 11

December 1981. The DOD Installation Restoration Program was

established:

to (1) identify and evaluate suspected problems
associated with past hazardous material disposal
sites located on DOD installations and (2) control
the migration of hazardous environmental
contamination from these sites [13:1].

In order to clarify federal agencies' responsibilities

under CERCLA legislation, the President issued Executive
Order 1313 dated 14 August 1981. Responsibilities

delegated to the Secretary of Defense for DOD facilities and

vessels were as follows:

1. Response actions for the removal of contaminants,

2. Remedial actions to solve the problems caused be

hazardous waste pollution,

3. Investigations including monitoring, surveying, and

testing for hazardous waste and hazardous waste sites,

4. Planning, legal, fiscal, economic, engineering,

architectural, and any other studies or investigations as

necessary "or proper response actions (13:12).

Air Force Installation Restoration Program. The USAF

provided its initial policy guidance based on DOD guidance

in December of 1980 and actually started its program early

*
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in 1981. The program received technical guidance and

direction as well as oversight from the Air Force

Engineering and Services Center (AFESC). The USAF, because

of its primary defense mission, has long been using and

handling a wide variety of toxic and hazardous materials

similar to any other large industrial complex.

The Air Force IRP is divided into four phases. They

are briefly described as follows:

1. Phase I - Installation Assessment (Records Search).

Phase I is designed to identify and assess those past

disposal sites that may pose a hazard to public health or

the environment as a result of uncontrolled hazardous waste

contamination at the site. To evaluate a site, all

available relevant information is collected from records,

interviews, and on site observations. Only existing

information is used as no analytical sampling of the

suspected hazardous waste or the surrounding environment is

conducted during this phase. To evaluate all the

information collected during Phase I, the USAF developed the

Hazard Assessment Rating Methodology (HARM). The HARM score

provides a basis for determining which sites warrant further

investigation (Phase II) and which sites require no further II
action because they are considered safe and pose no

significant threat to public health, welfare, or the

environment. Sites investigated that clearly pose no

significant potential hazard are not even rated by the HARM

7[1
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model. Phase I becomes a basic background document for the

Phase II study when the study is necessary.

2. Phase II - Confirmation/Quantification. Phase II is

to confirm, define, and quantify by preliminary and

comprehensive investigative surveys, the presence (or

absence) of contamination and the extent of contamination.

This phase identifies sites where remedial action will be

required in Phase IV. If a site requires immediate remedial

action, such as removal of abandoned drums, the action can

proceed as soon as it is identified. Research requirements

identified during this phase will be addressed in Phase III

of the program.

3. Phase III- Technical Base Development. The purpose

of this phase is to develop a sound data base upon which to

prepare a comprehensive remedial action plan. Phase III

includes implementation of research requirements for new and

improved technology to identify, investigate, and mitigate

or clean up sites. A Phase III requirement can be

S.. identified during any other phase of the program.

4. Phase IV- Operations/Remedial Actions. This phase

includes the preparation and implementation of the remedial

action plans that will mitigate, control, or eliminate the

hazardous waste site. It is the final phase and often

referred to as the clean up phase.

* *- When the USAF started the Installation Restoration

Program, EPA had not yet published its official Hazard

* . * . . . . .. . ... .



Ranking System (HRS) which it uses to evaluate sites. The

USAF, in its desire to start identifying and cleaning up

hazardous waste sites and to show environmental leadership,

started evaluating its sites. To do this it was necessary

to have some means of evaluating the information collected.

The USAF therefore developed an evaluation method which was

based on a rating system developed by JRB Associates,

Incorporated (1). The JRB system was one of the intial

systems proposed to EPA for its use. The USAF modified the

JRB system slightly so that it would provide meaningful

ratings for various types of Air Force sites including small

landfills, fire training areas, and spill sites. This

initial USAF evaluation and rating system was later refined

to what is now called HARM, as explained in Chapter III.

This revision was made by people who were experienced in

evaluating health and environmental hazards and had been

using the initial system for approximately 6 months at USAF

installations. The HARM model is currently used for all

USAF sites evaluated during Phase I.

The HARM model is a system which evaluates potential

hazardous waste sites and provides a relative ranking for

each site depending on its degree of hazard. This allows

the USAF to compare sites at all its installations. Sites

that require further investigation under Phase II can be

identified and prioritized based on the degree of hazard.

The site ranking or priority is derived from a numerical

9 g ,
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scoring system. Site characteristics such as; hazardous

waste types and quantities, pathways available for

contaminant migration,and proximity to areas that would be

adversely impacted by contaminant migration are considered.

Each of the characteristics are weighted and combined in an

algorithm to produce an overall site rating score. Since

evaluation of HARM is the main thrust of this thesis, it

will be discussed in more detail in Chapter III.

Problem Statement

The USAF HARM system has received a fair amount of

attention for several reasons. The public is concerned

- about hazardous materials, and the news media frequently

discusses problems associated with hazardous substances.

Places like Times Beach and Love Canal are familiar names

because of the news coverage of the environmental and health

problems at these uncontrolled hazardous waste disposal

sites. The USAF does not want this type of attention and is

. trying to identify and clean up its own problem sites.

States and local communities are applying pressure, even

insisting that the USAF conduct sampling and monitoring at

all of their sites no matter how small the potential hazard.

This would be a costly endeavor and in some cases an

outright waste of financial resources. On the other hand,

the USAF is also concerned about health, safety, and the

environment. It must minimize the possibility of failure to

10
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investigate sites that need investigation. The decision to

investigate or not is made primarily on the basis of a HARM

rating obtained during the IRP Phase I records search. It

is clearly the critical input in deciding whether or not the

site needs further investigation.

Second, the HARM system is not as familiar as HRS,

which the EPA uses to evaluate its sites. Although HARM is

a refinement of an earlier USAF system, it has not been

revalidated or formally evaluated since it was put into use

in 1982. Because HARM plays such a critical role in the

decision process, there is a definite need to substantiate

that it is providing the correct information for the correct

decisions, thus accomplishing its purpose.

The HARM rating is used to help determine which sites

warrant further investigation based on the potential for

hazardous waste contamination and adverse impacts.

Validation of the HARM model will show how effective the

current model is in identifying sites that have a high

probability of hazardous waste contamination. Phase II

investigative results showing the sites where significant

hazardous waste contamination was found can be used to

validate the model.

Without this validation study there is no assurance

that all of the sites that need investigation are being

properly identified. Validation of the HARM model will o'

provide support for its use, increasing confidence in HARM

11 C.'



both within and outside the USAF. It will help insure that

the USAF is identifying sites in an economical and

environmentali saf'e man ner.:naior,2tztc

analysis may result in refinement of the model which would

result in better identification of sites needing

investigation or a simplified model requiring less

information but with equal predictive capability. This

would lead to a better understanding of which variables are

critical in predicting the sites with uncontrolled hazardous

waste contamination.

Research Cbjectives

General. The main thrust of this research was to

-. -'] validate and refine the effectiveness of the current HARM

system. Validation and refinement of HARM will help insure

proper identification of uncontrolled hazardous waste sites

-, that need further investigation.

Specific. The specific objectives of this research are

listed as follows:

1. Documentation of the Phase I HARM ranking system's

*effectiveness in identifying sites that need further

investigation and sites that require no further action.

2. improve ,i.fl,'s ability to discriminate between sites

- that need further investigation and tho -e that require no

further consideration.

3. Simplify the HARM model without sacrificing

12
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effectiveness. The goal was to have equal or improved

predictive capability with less information.

4. Identify any types of sites or situations whiere HAR.

is less effective and attempt to isolate their unique

characteristics, if any.

Scope. Currently available IRP Phase I and Phase II

reports were used to provide the necessary data for

analysis. No attempt was made to collect additional site

data or information. The statistical analysis was limited

by the amount of Phase II investigative data available.

Some Phase I information has already been compiled for sites

on over 70 bases, but less than one-half that amount is

available from Phase II reports and none of it has been

compiled or categorized.

Although the literature review covered various

methodologies and theories on risk assessment, there was no

extensive comparison of the HARE model with other existing

models. Models thought to be similar often have a different

purpose or require different information and are therefore

difficult to compare.

Research Questions

To solve the stated problems and meet the research

objectives the following investigative questions were used

to guide the research:

1. What does IRP Phase II data show about HARM's

13
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ability to identify hazardous waste sites that need

investigation?

2. Can HARN:'s predictive capability be improved?

Can HARM maintain its effectiveness in predicting

contaminated sites with less information?

4. Does HARM work equally well for all types of sites

and situations?

1)4
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II. Literature Review

There is more and more awareness of the risks

associated with everyday life. This awareness has increased

as regulatory agencies have tried to evaluate and control

the risks of numerous hazards. Risk assessment and

management are an integral part of controlling environmental

health hazards. Because of the increased use of risk

assessment, there is an increased need for scientists,

engineers, policymakers, and the general public to have a

better understanding of risk assessment and risk management.

This literature review will oI at information relating to

environmental health risk assessments.

The literature review will address the problem of

defining and quantifying risk and its relationships to other

functions. A significant part of the review will deal with

:efininz what risk assessment is and what problems are

associated with its use. Risk assessment approaches will be

discussed conceptually, along with relationships to risk

management, regulatory agencies, and the public. The review

is intended to provide a better understanding of risk

assessMent in the environmental health field and not to be

an exhaustive review of all literature relating to risk.

15



Discussion of Terms and Concepts

Risk. Risk is a term that is familiar to most people.

NHowever, that fact in itself can be a problem since

different people think of risk in different ways. Before

*any discussion of a topic can occur it must be properly

defined. The terms "risk" and "hazard" are synonyms in our

everyday language, but in a scientific context they are

defined differently. Hohenemser, from the Department of

Physics, Clark University, made the following distinction:

Hazards are threats to humans and what they
value, whereas risks are quantitative measures of
hazard consequences that can be expressed as
conditional probabilities of experiencing harm.
Thus, we think of automobile usage as a hazard but
say that the lifetime risk of dying in an auto
accident is 2 to 3 percent of all ways of dying
[16:379].

A different conceptual definition of risk is provided

by Kahan, of the Department of Psychology, University of

Southern California, who relates risk to the decision making

process. A decision is required when a choice must be made

between several alternatives, each of which has consequences

associated with it. If it is known what the consequences

are and that they will occur, then the decision is made

under certainty; and if the consequences are unknown, the

"w decision is made under uncertainty. Decisions are made

under risk when the consequences can only be estimated or

when the consequences occur with a known probability.

Consequences can be either good or bad and are often

16



referred to as benefits or hazards (costs) respectively.

Thus, hazards describe negative consequences of a decision

and risk describes the situation where the consequences or

hazards are estimated or when their probability of

occurrence is known (19:1-2). Salem, of the Rand

Corporation, highlights the problem of defining risk by

summarizing three distinctly different views of risk:

1. In a decision-analytic sense, risk refers to
the fact that the consequences of choosing an
alternative are not known with certainty, but
instead can be expressed as probabilistic
outcomes. In this sense, no reference needs to be
made about the positive or negative effect of the
consequences.

2. By contrast, the popular view of risk
emphasizes the probability of a potential harm and
focuses on the probability of that harm without
regard to the (negative) magnitude. The benefits
in this sense are completely ignored.

3. Between these two viewpoints lies a third
definition of risk--as the product of the
probability and magnitude of each undesirable
possible outcome, integrated or summed over all
undesirable outcomes [28:5].

Risk Assessment. The gene'al process of evaluating

risk is often referred to as risk assessment. The term

"probabilistic risk assessment" (PRA) is used frequently by

the nuclear power industry and Nuclear Regulatory Commission

(NRC). Levine, formerly of the NRC, describes PRA as "a

method of predicting the likelihood and consequences of

reactor accidents" (21:14). William D. Ruckelshaus,

Environmental Protection Agency Administrator, defines risk

assessment as follows:

17



.. -T W W

Risk assessment is the use of a base of' scientific
research to define the probability of some harm
coming to an individual or a population as a
result of exposure to a substance or situation
[28:5].

As shown in this definition, the primary emphasis is on the

risk to human health, but it does not preclude risks to our

environment. The definition also stresses probability more

than magnitude. Risk assessment uses data from experiments

and other scientific data bases to estimate probable human

health effects resulting from exposure to hazardous

substances.

Risk Management. Risk is a controversial issue for

numerous reasons. One reason is that in the past there has

been no distinction between risk assessment and risk

management. The problems and complexity of dealing with

risk in relation to human health exposure has been addressed

by the National Academy of Sciences (NAS). They recommend

that risk assessment and risk management be separate

functions within regulatory agencies to the extent possible.

Miller, an editor for Environmental Science and Technology

magazine, reported that the NAS distinction between risk

assessment and risk management is as follows:

Risk assessment is only one aspect of risk
management - the scientific component. Whereas
risk management involves choices between the
broader social and economic policy issues, risk
assessment considers only scientific problems and
does not involve socioeconomic matters. The
scientific findings and judgments embodied in risk
assessment should be explicitly distinguished from
the political, economic, and technical
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considerations that influence the design and
choice of regulatory strategies. By separating
the two, there will be for the first time a clear
demarcation between science and the policy aspects
of regulatory decision making [24:200A].

To further define these different functions Miller provides

this additional clarification:

Risk assessment uses factual information from
laboratory and other sources to estimate possible
human health effects from exposure to hazardous
substances. It uses a scientific base, for

example, dose-response relationships to define the
health effects of exposure of individual
populations to hazardous materials or situations.

Risk management, on the other hand, weighs
policy alternatives and selects the most
appropriate regulatory action; risk management
integrates the results of risk assessment with
engineering data and with social, economic, and
political concerns to reach a regulatory decision
[24:200A].

Risk management decisions are thought by some people to be

similar to cost/benefit management decisions (14:12).

The merit in separating the scientific function from

the controversial regulatory function is easy to see.

Morton Corn, director of the Johns Hopkins University's

Department of Environmental Health Sciences and former head

of the Occupational Safety and Health Administration, as

reported in Chemical and Engineering News, made the

following observation:

Separating risk assessment from risk
management won't decrease the controversy of
regulation. But having the risk assessment
separated will make clear why we are doing what we I
are doing, and increase public understanding
[3:4].,
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After the NAS and Mr. Ruckelshaus came out in support

of separating risk assessment and risk management, different

started appearing. Hanson reported an opinion that

r-' Je& assessment cannot te purely scientific, that it must

be recognized as being at least partially subjective"

(14:12). Subjectivity in any analysis opens it up to

controversy which would defeat the purpose of separating

risk assessment and risk management. Mr. Ruckelshaus stated

that it is difficult to keep risk management factors out of

the risk assessment process (27:35).

Site Contamination. Since site contamination is a

major part of this research, the term needs clarification.

For the purpose of this research, a site is any location

where hazardous waste has been deposited or was suspected of

being deposited. It includes the entire disposal area even

though the hazardous waste may only be in part of the site.

Contamination occurs when the hazardous waste migrates

beyond the site where it was deposited. Either surface

water or ground water normally provides the pathway for

contaminant migration. A contaminated site or site

contamination means that hazardous waste is migrating beyond

the immediate site boundaries.

Regulatory Problems

Approach. A recognized regulatory problem is the lack

of a uniform approach to risk assessment. Mr. Ruckelshaus,
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as reported in Science magazine, stated that current

regulations designed to control public health risks are not

consistent across government agencies and that "a common

statutory framework for dealing with environmental risks is

needed" (29:1026).

An NAS recommendation was explained by Miller as

follows:

It advised the federal government to adopt a
package of standard procedures for estimating
health effects from hazardous chemicals, drugs,
and food additives. It also called for uniform
risk assessment guidelines... [24:200A].

Other organizations such as the International Agency for

Research on Cancer and the Office of Technology Assessment

also have proposed uniform risk assessment guidelines

(25:62). A uniform approach would give all the regulatory

agencies and scientists some common ground or a frame of

reference for further discussion. It would eliminate some

of the controversy resulting from different agencies trying

to establish different regulatory standards for the same

substance (24:200A).

There has also been controversy over the way risks are

regulated within the same agency. The EPA does not apply

the same standards for risks from new products and

industries as it does for old products and industries. The

risks of new products are screened very carefully. Many old

products are routinely used and accepted even though the

risks associated with them are known, and they would not
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pass today's risk screening standards. This in effect is a

double standard for risk between old and new products. A

uniform approach to risk assessment for comparing the risks

of various alternatives would eliminate this problem (17).

Methodology. Currently there are many approaches and

methods to assess risk. Dr. John U. Hernandez, Deputy

-" Administrator of the EPA, according to the Journal of

Environmental Health, described the risk assessment process

as answering two questions:

1. How likely is the adverse effect to occur?

2. What is the magnitude of the public health
impact at ambient exposure levels, if the event
does occur [15:63-64]?

He further states that the first step is to determine from

the data whether or not a substance is hazardous, i.e., can

it be classified as a suspected carcinogen. The evidence or

data supporting the determination can be strong (based on

human data) or weak (based on short-term, high dose animal

studies). He also states that the second step is the risk

quantification stage and that EPA tends to over-estimate the

risk because of the high level of uncertainty and concern

for public health.

One method of risk assessment that has received

r considerable use by the NRC and nuclear industry is

probabilistic risk assessment (PRA) (21). Levine describes

the PRA process as follows:
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The heart of PRA is contained in logic models
known as event trees and fault trees. Event trees
describe initiating events such as pipe breaks,
and subsequent successes or failures of the
systems designed to cope with them. They contain
accident sequences that could cause the nuclear
fuel to be severely damaged, and the subsequent
processes that could damage the containment
building and release radioactivity to the
environmen. Fault trees describe the ways in
which the systems involved in the accident
sequence could fail, and provide estimates of the
frequencies of such failures [21:411.

Although the PRA is widely used, it is not without its

critics. MacKenzie quotes several Advisory Committee on

Reactor Safeguards memos as follows:

The large uncertainties inherent in PRA are
well recognized and acknowledged in the proposed
policy statement. These uncertainties make the
use of PRA in decision making (which occurs
already within the INRC) zubject to large
differences in the results obtained by different
groups of analysts for the same accident
scenarios. These uncertainties also permit abuse
of the methodology to obtain a result which
supports a predetermined position by selective
choice of data and assumptions. The claims for
PRA concerning its ability to assess public-safety
risks are little more than a sham that will hide
the fact that the tasis for safety will always
depend upon the judgement of a few individuals
[22:36-37].

The lack of sufficient scientific data and high levels

of uncertainty are significant risk assessment problems

(24:20CA). :he MC recognized the effect of uncertainty,

and according to Solomon, of the Rand Corporation, there is

no standard way to compensate for the level of uncertainty

in regulatory decision making (30:1-3). He went on to make

the following recommendation:
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Implementation of the proposed numerical
guidelines for reactor safety must take into
account this fundamental limitation of PRA and its
associated uncertainty. In probabilistic risk
assessments made in conjunction with safety goals,
the underlying assumptions should be
disclosed... [30:3]•

In a recent speech, Mr. Ruckelshaus expressed concern about

the effect of limited data and high uncertainty. He also

indicated several times that there is often considerable

pressure from the public's desire for certainty. Scientists

and regulatory agencies must continue to resist the

temptation to imply certainty where none exists (27).

HRS and HARM Comparison

As previously mentioned, models are difficult to

compare and the HRS and HARM models are also slightly

different. The HRS model is designed to evaluate only the

worst sites for possible federal funding and requires some

initial sampling and analysis. The HARM model requires no

initial sampling, evaluates any site with potential hazards,

and is used to determine if sites warrant further

investigation. But even with these differences they are

both used to evaluate uncontrolled hazardous waste sites.

r. N, The EPA felt that the USAF and other services should

use the HRS model, but the USAF felt the HARM model was

tailored for their purposes and best served their needs. To

help clarify the situation Engineering-Science, Inc., at the
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request of the USAF, compared site ratings using both models

at sites on four USAF bases (5:1-4). The site scores

derived from HRS and HARM were significantly different for

the same sites. In general, the HARM scores were higher and

had a wider range than the HRS scores. This can be

attributed to the different algorithms used in each method.

Some of the criteria considered in each model were different

and criteria weightings were not always the same. Even with

these differences there was one important comparison which

showed a strong similarity. The rank order correlation

between sites rated under each model was high. With only a

few exceptions sites were ranked in the same priority

sequence under both methods. Both models have their

advantages and disadvantages, but the HARM model provides a

broad range of site scores and allows for a wide variety of

types of USAF sites.

Summary and Application

The literature shows that there are many ways to

evaluate or assess risk. There is no consensus on which

methodology should be used. Each method appears to be

tailored for its specific purpose. The approach of

separating risk assessment from risk management appears to

have merit but the application of this principle is

difficult.
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HARM does not attempt to separate risk assessment frcm

risk management. It uses factual ste informatior and then

assigns a weight or value judgement about socioeconomic

matters. Most of the metnoColcges of r , as.:2sent

reviewed considered the probatility of an event occurring"

and the magnitude of the impact in one way 3r another. The

HARM system considers the rnagn-t:i of hazards to

populations and environments and determines the most likely

pathway that could allow hazardous contaminant migration to

...- the populations or environment.

I.26
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III. USAF Hazard Assessment Rating Methodology (HARM)

Overview

CERCLA requires EPA to evaluate waste sites and to

develop a national priority list (NPL) of sites for remedial

actions. Section 105 of CERCLA (6) spells out the minimum

criteria to be considered such as, the population at risk,

the specific hazards associated with the substances present,

the potential for contamination of drinking water supplies,

direct human contact, destruction of sensitive ecosystems,

and other appropriate factors. The USAF HARM evaluation

system as well as EPA's system must include these criteria.

HARM uses only available information with no preliminary

analytical sampling to determine if Phase II investigation

(sampling) is needed and to prioritize, based on potential

hazard the follow-on investigation. Phase II confirms if

there is contamination at the site or not. The USAF does

not use HARM to rate a site unless it determines there is

sufficient hazardous waste present to have a potential for

contamination. Figure 1 provides a general decision tree of

the IRP Phase I process and shows how sites are deleted from

the HARM model rating process, based on initial Phase I

information.
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HARM Model Description

General. The model uses a numerical scoring system to

rank sites. The input Jata for tne model i 0

available from actual site vis:ts, existing records, and

interviews with potential contributors to and operators of

the site. Specific scoring criteria is given in an effort

to make required subjective judgements more objective for

consistent evaluations.

HARM considers four categories of site characteristics:

1) potential receptors of the contamination, 2) waste

material characteristics, 3) potential pathways for

contaminant migration, and 4) any management efforts to

contain or control the hazard. in essence HARM considers

the "who, what and how" for each disposal site. A flow

chart is provided in Fig. 2 to show category relationships

and general scoring methodology. The receptors, waste

characteristics, and pathways scores are averaged and

multiplied by the waste management score to arrive at the

overall HARM score for that site. Figure 3 provides an

example of the rating form and its use.

An entire description of HARM" methodology and the

scoring criteria is contained in Appendix A. To aid in

understanding the HARM rating process an example will be

used to explain the four major categories.
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VZADOW ASSESSENT RAT I MC FC9 f
Page I of 2

NilE OF SITE: Me. 10--JP-S Fuel spill No. 2

LOCATION: AF

DATE Of OPERATION 09 0COARVCE: 191

ONO/OPERATOi AF

S0B~loir/o~DE PTlON: 21,000-gallon JP-5 fuel spill

SITE RATED W: K. Cable

I. RECPTORS

Fector Mactm
Rating Factor Possible

Rati no Factor (0-3) Putltipl er Score Score

A. Population within 1,000 feet of site 2 4 8 12

S. Distmnce to nearest well 1 10 10 30

C. Land uaedzening within 1 alle radius 3 3 9 9

0. Distanm to reservation bmmdary 2 6 12 18

E. Critical environmnts within 1 mile radius of site 1 10 10 30

•F. Water qiality of nearest surface-water body 3 6 is is

G. Oratiud-aister use of uperst aquifer 0 9 0 27

H. Population served by surfaca-weter
supply within 3 miles 4Aostreae of site 3 6 1 18

1. Population served by ground-wgter
supply within 3 elles of site 0 6 0 18

sUbtctals as 18"

Receptors subscore (100 x factor score sybtDoeta/Imaausi subtotal) 47.2

It. WASTE OtARACTEISTICS

A. Select the factor score bes•4 on the estimated quantity, the degree 3f hazard, and the confidence
level of the information.

1. Waste Quantity (S 0 small, M - madu,, L a large) L

2. Confidence level (C a confirmed, S - suspected) C

3. hazard rating (1 a nigh, M nMedium, L 0 low) 4

Factor Subscore A (from 20 to 100 tset on factor score esatrix S

B. Apply per stence factor

Factor Subscore A x Persistence Factor = Suoscore 3

80 x 0.8 s 64

C. Apply physical state multiplier

Subscore 8 x Pysical State Multiplier V ass Characteristics Sbscore

ib x 1.0 64_

Fig.3. Rating Form (18)
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pogeS of 2

111. MA11u

Factor Mafalm
RAMing Factor possible

Ratin F4~te (0-3) Mi t 1ulle r $core Score

A. if tirr is ovidenc of migration Of Uteardus contaminants. assfon matnrn factor "*&mce* of
100 points for direct Ovices iw 80 POInt fr tIdirect Owidenee. Of direct evidence exists
UMn proeed to C. If O e!'ide100e Of indirect OvIdnie exsts, proceed to 6.

a. Rate the migration petanial fee three potential pathroys: surface-water migration, fleoding,
one grood-eter sigtetion. Select the higieat rating, end proceed to C.

1. Serfucewe migration

Distance to nerest suefa" water 3 a 26 26

Net Precipitation 1 6 12 Is

Surfs" erosion 2 6 16 26

Surfac pornambili1ty 2 6 12 is

Rainfall Intensity 2 8 16 26

Subtotals so 106

Subacere (1IN aL fste eeout lwi score subtotal) 76.1

2. Fleeding 0 1 0 3

Subscoro (100 a factor seereJ3) a

3. Grond-eate migration

Dopfito erwmd water 2 6 16 211

Nat precipitation 2 6 12 Is
Sell permebility I 1 6 26

Subsurface flows 0 3 a 26

Direst asem he ground water I 1 S 2

SubtotaIla 44 116

S.*eeere (100 a faster score subtotalimaimum score subtotal) 36.6

* C. Mhiest potluy subsoer

Enter the highwst subsoore value from A, 8-1, S-2, or 9-3 above.

Patrways Subscore so

IV. lASTIE MAMACIT PRACTICES

A. Average, tfm Ite subaceres for recptore, maste characteristics, and pathpeys.

Receptors 47.2
vast@ O~actoristics 66.0Pathways 60.0
Total 191.2 divided by I 6.

Cross Total Store

1. Apply factor for waste centiinn from waste waagawant practices

Gross Total Soe a waste Nflnegmas practices Factor a Final Score

63.71. 66

Fig. 3. Continued (18)
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Receptors Category. The receptors category considers

potential impact on public health, welfare, and the

environment in the vicinity of the site. It considers who

and what can be affected by contaminant migration and

exposure. There are nine receptor factors, each of which is

rated in one of four levels (0-3). The criteria for each

level is specified so that anyone with the same information

will rate the receptor factor the same. The zero level

rating means the receptor is at minimal risk. A three level

rating means the receptor is at the maximum risk. Each of

the nine receptor factors has a weighting multiplier

assigned to it. The receptor factors with the highest

weightings are the distance to the nearest well, the

critical environment within one mile, and the ground water

use of the uppermost aquifer. The rating factor level is

multiplied by the weighting to get the receptor factor

score. All of the receptor factor scores are added, totaled

and the percentage of the maximum possible score is

calculated. This is the final receptor category score. The

receptors category helps to define the magnitude of

potential hazard. In the example (Fig. 3) the receptor

factor subtotal score is 85 out of a possible 180 for a

final receptors category score of 47.2.

*. Waste Characteristics Category. The waste

-" characteristics category score is computed in a different

way. The initial category score .s based on three factors:
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the waste quantity, the degree of hazard associated with the

waste, and the confidence level of the waste characteristic

information. The hazardous waste quantity has three

levels--small, moderate, and large--with specified amounts

for each category. The degree of hazard rating also has

three levels--high, medium, and low--with specified criteria

for each. The degree of hazard category is further broken

down into three subfactors: toxicity, ignitability, and

radioactivity. The highest of the three subfactor ratings

is used to indicate the degree of hazard category. The

subfactor ratings are not recorded on the form, only the

degree of hazard category. The confidence factor only has

two levels, confirmed and suspected, which are based on the

reliability and confidence of the information. Again, the

criteria for the levels are defined to allow for consistent

evaluations.

The three waste characteristics factors and their

associated levels can result in 18 different comtinations.

Each combination has an assigned value which becomes the

initial category score when that combination occurs. The

highest initial category rating of 100 is for a confirmed

large quantity of waste with a high degree of hazard, while

the lowest initial category score of 20 is for a suspected

small quantity of low hazardous waste. The initial category

%.....score is then adjusted twice, once for persistence of the

waste substance and once for its physical state (solid,

314
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semisolid, or liquid). The final waste characteristic score

is the initial category score multiplied by the persistence

factor and then the physical state factor.

i the example the initial category score of 80 is

based on the combination of a confirmed (C), large (L)

quantity of medium (M) hazard waste. The waste

characteristics matrix in Appendix A assigns a value of 80

for this combination. The initial score is then multiplied

by a persistence factor of 0.8 and a physical state factor

of 1.0 for a final waste characteristics category score of

64. The waste characteristics category score aids in

defining the magnitude of potential hazard and the

probability of contamination.

Pathways Category. The pathways category assesses the

potential pathways for contaminant migration and assigns a

pathways category score based on the most probable pathway.

The most probable pathway is assumed to be the one with the

highest pathway subscore. The pathway subscores are

computed using the same approach used in the receptor

category calculations. The approach considers three

pathways (surface water, flooding, and ground water)

creating three pathway subscores. Two other subscores based

on evidence of contamination are considered along with the

pathway subscores to obtain the highest pathway category

score. If there is direct laboratory analysis indicating

contamination, a subscore of 100 is assigned and this
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becomes the pathway category score because it is the highest

possible score. If there is indirect evidence of

contamination, such as a visible leachate but no actual

analysis, then a subscore of 80 is assigned. This becomes

the pathway category score if it is higher than the other

three pathway subscores. Only the highest score is used and

there is no adjustment for more than one high pathway

subscore.

The example shows a surface water pathway subscore of

74.1, a flooding subscore of 0, and a ground water subscore

of 38.6. The surface water pathway shows the highest rating

and would be used as the final category pathway category

score except that there is indirect evidence of

contamination which gives a higher score of 80. Therefore,

the pathway category score is 80. The pathway and waste

characteristic scores primarily define the probability and

magnitude of contamination.

Waste Management Practices Category. This fourth and

final category is not really a category but only a final

management factor. The three category scores are averaged

and then multiplied by a waste management factor to arrive

at the final HARM score for the site. This approach

considers management controls along with containment and

* monitoring provisions and adjusts the initial HARM score to

".-'.reflect these management practices. There are only three

management factor levels (1.0, 0.95, 0.10) used, limiting
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the options for this powerful adjustment to the total HARM

score.

The site in the example has no management practices.

Therefore, the management factor is 1.0 and the initial HARM

score of 64 becomes the final HARM score. If a site is

managed with total containment and monitoring the initial

HARM score is reduced by 90%. This in effect eliminates the

site from further consideration because the hazard is being

controlled. But if there is only limited management

control, containment, and monitoring then the HARM score is

reduced by only 5%. This adjustment compensates for some

site management even though the site is not completely

controlled. The higher the final HARM score the greater the

need for follow on investigation, Phase II.

Summary

The HARM algorithm is primarily a linear equation with

several adjustments for first order interaction.

Interaction takes into account the combined effects which

are multiplicative and not just additive. The total HARM

score is multiplied by the management factor to compensate

for the overall interaction effect on the need for further

investigation. The other place where interaction is

considered is in the waste characteristics category. The

interaction between the waste quantity, the degree of hazard

of a waste and the confidence in that information is

considered by assigning a waste characteristics score based
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on their combined effect. This interaction is not strictly

multiplicative and is introduced by the structural matrix

feature. The wazte characteristics score is again adjusted

" for interacticn because the physical state and persistence

affect the potential hazard associated with the waste.
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IV. Methodology

Overview

Model validation, evaluation, and refinement can be

accomplished in several ways. The initial USAF hazardous

ranking system was already revised once, as explained in

Chapter I. The process relied on expert judgement to adjust

the initial model so that the final HARM score more closely

reflected the independent judgement. Without direct

objective measurements this approach is a common internal

validation procedure (10:128-129). In fact, EPA tested its

HRS model by using an independent panel of experts to rank a

group of sites and then compared the results with the HRS

scores (4).

Now that more objective Phase -I information exists, it

can be used to validate HARM. The general objective was to

see how effective the HARM model was in predicting which

sites were contaminated and needed further investization and

to see if this predictive capability could be improved.

HARM estimates the risk or degree of hazard associated

with an uncontrolled hazardous waste site. As explained in

Chapter III, relevant information is combined into an

overall HAR score which is used to determine if further

investigation is warranted or not. The higher the score the

greater the need for further investigation.
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Data

A major consideration in any research project is the

data that is used. This is especially true when the

research involves statistical analysis such as that used in

this research project. The source of the data was from

published Phase 1 Records Search recorts and Phase TI

Confirmation reports. In a few cases, additional

information or clarification was obtained from interviews

with people responsible for the reports, or from USAF IPP

complete site status reports. All the bases included in the

research are listed in Appendix B along with the complete

data set. In all, data from 108 sites on 14 USAF bases were

used. The total population of USAF 3ites projected to

require Phase T. investigation is expected to exceed 1000

sites on over 150 installations.

- The research data set represented only about ten

percent of this total population primarily because more

Phase II data was not available. The research sample was

also not representative of the types of Air Force bases

being studied, with 11 of the 14 bases in either the

Tactical Air Command or the Air Force Logistics Command. It

is difficult to estimate the effects of the data

limitations. Any model developed should be checked against

sites within other Air Force Commands before it is accepted

for general USAF application. This precaution is necessary

because different Air Force Commands have different
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missions, handle different hazardous material, and have

different management procedures. Therefore, their site

characteristics may not be adequately considered by a HARI

model based primarily on data from just two USAF Commands.

Another word of caution about the data is that it uses

ordinal scale measurements. The assignment of a numeric

rating level only indicates its rank order and no more. For

example, a rating level of two for the depth to ground water

factor does not indicate that it is twice as close as a

rating level of one. The use of ordinal scale data for this

research is generally not considered a problem. In fact, "a

great many statistics assume no more than an ordinal level

of measurement" (26:5). The dependent validation variable

used in this research was the site classification. The

independent or predictor variables are the site

characteristics.

Predictor Variables. The HARM site characteristics

were originally selected because they were felt to be good

predictor variables. They include all the site

characteristics used in the HARM model plus several

additional waste site characteristics. The predictor

variables from the HARM model and their associated weights

are shown on the rating forms (Figure 3). Table I lists the

additional predictor variables that will be considered. The

additional predictor variables were selected to see if they

could improve the HARM model's predictive capability.
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Table I

Additional Predictor Variables

Predictor Variable

Type of Site

Landfill
Fire Protection Training Area
Spill Site
Waste Disposal Site (includes structures used for

hazardous wastes, surface impoundments and burial
sites)

Drum Storage
Radioactive Waste Area
Leaking Underground Storage Tanks or Pipes
Oil and Water Separators
Waste Treatment Plants
Munition Disposal Site
Others (includes pesticide areas, discharge areas and

drainage systems)

General Hazardous Waste Class

Volatile Organics
Petroleum, Oils and Lubricants
Heavy Metals

.- Radiological Substances
Polychlorinated Biphenyls
Sludge
Munitions
Others (includes Pesticides, Herbicides, Fungicides,

unknown types of Hazardous Chemicals, Refuse - general
and industrial)

General Disposal

S-Above Ground
Below Ground
Other or Both

42

. .- -~ . .~ . .2 7. .> .' .



Site information that was not available or relevant in

predicting the need for further investigation was not

considered.

Site characteristic factor levels were z:o considered

reliablIe. With the given criteria, any investigator could

consistently come up with similar rating levels for each

site characteristic. There could be some minor differences

because subjective judgement is involved in some of the

variables. Also, objective information about a site

characteristic that is near a criteria break point between

factor level scales can easily be rated in the wrong level

because of a small error in the objective information.

Classification Variable. To validate the HARM model

requires objective information concerning what has been

predicted or estimated. This objective information must

itself be a good indicator of the model's validity. To be a

valid indicator the information must be relevant, reliable,

and free of bias (10:130). Each of these attributes is

discussed in this section.

HARM in part predicts the probability of contamination

at a site. The Phase II site investigation provides direct

relevant validating information on whether or not the site

iz contaminated, which is the primary input to the Phase II

site classification. In general a site is considered

contaminated if there is hazardous waste contamination

beyond the immediate site boundary. All the information
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from the Phase II site investigation is used to classify the

site as requiring no further action, long term monitoring,

or remedial action. There is no detailed criteria for each

classification except that a site requiring remedial action

must have a contaminant concentration in excess of a health

or environmental standard or guideline (2). The no action

classification is assumed to mean that no contamination was

found or that the contaminant was at a sufficiently low

concentration, causing no significant hazard or adverse

impact.

The long term monitoring (LTM) classification may

reflect several situations. If the investigator is not

confident or is unsure of the results of the investigation,

the person may recommend long term monitoring. This

situation would probably occur most frequently when no

significant contamination was found but a safe conservative

approach would be to recommend long term monitoring. This

is not considered a good reason for this classification.

The investigator should request more sampling and then

properly classify the site. The logical and preferred

reason for recommending the long term monitoring is that

even though the investigation shows no significant

contamination and the investigator is confident of that

information, the person still feels the probability for

contamination is high and/or the potential adverse impacts

are significant if contamination does occur. The relevance
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of the three classifications to the HARM score must be

examined and clarified.

The Phase II results indicate if contaminLntion is

A- occurring at the site and if so, at what concentrations. If

significant contamination is found the site must be

i"  classified as requiring remedial action. If, on the other

hand, no significant contamination is found, the site must

be classified as requiring no action or long term

monitoring. Only the portion of the HARM score that

predicts the probability of contamination can be directly

related to whether or not contamination was found. This

would be a good relationship but the Phase II reports

usually do not provide this information directly. Instead

they report the site classification. The relationship

between the final HARM score which reflects the need for

further investigation and the Phase II site classification

may not be as direct as desired but it is considered
, .

relevant for HARM validation. The problem is that a bias in

A the validation and refinement will occur if the site

classification does not reflect everything HARM is

measuring.

If the validation variable only reflects contamination,

then only contamination variables will be important in

predicting the need for further investigation. But HARM was

designed to measure the need for further investigation by

L-z estimating the probability of contamination and the
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potential adverse impacts to receptors. Using only

contamination as the validation variable. is only part of the

validation relationship and would result in built in bias

against the importance of receptor factors.

Although site classification recommendations are based

primarily on Phase II technical findings (contamination),

they are also influenced by political and regulatory

pressure as well as the proximity of the site to receptors.

Eecause of this it was felt that the site classification

data did not have significant amount of bias and that the

Phase II classification could be used to validate the Phase

iHARM model recommendations.

HARM classifies sites into two groups, those requiring

further investigation and those that can be eliminated from

further consideration. When the Phase I final HARM score

does not clearly indicate to which group the site belongs,

independent judgement is used to make that decision. That

is why some sites with scores in the 40's were recommended

-.. for further investigation and some in the low 50's were not

recommended for further investigation.

The relationship between the two Phase I HARM

recommendations (investigate, no action) and the three Phase

II classifications (required action, long term monitoring,

no action) was not entirely clear, especially with the

limited Phase II classification criteria. There was some

question as to which Phase I group the long term monitoring
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was related. It was decided that long term monitoring was a

form of required action or investigation and therefore, both

it and the required action classification were directly

related to the Phase I investigation recommended group. For

analysis purposes these two Phase II classifications were

combined into one group called required action. The Phase I

and Phase II no action groups were clearly related.

The reliability of the site classification information

is also an important factor in the validation process. The

Phase II classifications were felt to be fairly accurate and

consistent but there are potential problem areas. The

entire Phase 71 process takes about four years to complete

and because of this there are only a few bases with final

Phase II reports (2). Even though there are only a few

final Phase Ii reports, there are many interim reports. An

initial Phase II interim report reports the results of an

initial investigation designed to confirm site

contamination, if it exists. Subsequent Phase II

investigations are primarily concerned with characterizing,

quantifying, and defining the extent of contamination as

necessary. They also complete the confirmation of

contamination where necessary.

Because only a few final Phase iI reports were

completed, site classification information was primarily

obtained from the Phase II initial confirmation reports.

Most of the sites were classified based on these initial
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reports but some sites needed further investigation. Only

sites that could be classified with the initial confirmation

,. reports were used, although subsequent investigations

sometimes provided more site classification information.

The site classification rarely changes in the final report

so the interim reports were considered very reliable.

The other potential reliability problem area dealt with

interpretation of the initial Phase II confirmation report

results. Some reports did not clearly indicate the

classification in which the site should be placed. Even

though the researcher tried to be objective, there was an

inclination to favor the no action classification for

marginal sites. Therefore, some subjective bias may have

crept into the classification process.

Phase II investigations generally follow the Phase I

recommendations unless conditions change or there is

regulatory pressure to investigate more sites. This means

on!y a few sites in the group recommended for no further

investigation actually have Phase II data. Of the 108 sites

studied only 17 were from this group.

The sample distribution of sites among Phase II
- ere were ? ie

classification groups was satisfactory. Th sites

in the no action group, and 76 sites in the required

remedial action group. The distribution among groups for

the entire population of sites rated under HARM would

probably have a higher percentage of sites in the no further
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investigation or no action group. Even though the sample

distribution among groups may have been slightly different

than that for the population, the sample was considered to

have adequate representation for the no action and the

required action groups. The statistical criterion for

discriminate analysis which was used in this research is to

have more sites in the smallest group than there are site

characteristic predictor variables in the discriminant

function (31:299).

- .'- Analysis Technique

To meet the research objectives several analysis

techniques were followed. Descriptive statistics and

discriminant analysis were the primary approaches used for

Sdata analysis. To perform the statistical research

analysis, subprograms in the Statistical Package for Social

Sciences (SPSS) release 9.1 were used (26).

Frequency analysis was the approach used on the ordinal
"Pp

scale data. The purpose was to gain mnsi ht ito The -A."I

model variables. The mean, mode and range for variables in

each of the groups were determined and differences were

reviewed.

Discriminant Analysis. Since discriminant analysis was

the primary statistical tool used for the research, a

discussion of its features and their application is

appropriate. Discriminant analysis is a statistical method

for developing discriminant functions which can be used to
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assign observations to different groups. A data set which

contains observations whose group membership is known is

required to develop the discriminant functions. Each

S%discriminant function is a linear combination of a set of

discriminating or predictor variables. The predictor

variables selected should measure characteristics that

differ among groups. The coefficients assigned to the

predictor variables are computed to maximize the difference

in scores between groups. The maximum number of

discriminating functions that can be derived is the lesser

of one less than the number of groups or the actual number

of discriminating variables (23:7-3). This research has a

maximum of two groups and many discriminating variables.

Therefore, the maximum number of discriminating functions is

one.

The power of the discriminant function as a classifier

of new cases (sites) can be evaluated by constructing

classification functions from the discriminant function and

then classifying cases with known group membership. To

classify cases the value of the classification function for

each group is calculated and the new case is assigned to the

group with the highest value. The rate of correct

classification provides an index of discriminating power for

the set of variables used.

Classification functions are developed from Mahalanobis

distance measurements. Mahalanobis distance is a

50



generalized measurement of the distance from an individual

case to a group centroid as measured in standard deviations

from that centroid (20:44). A group centroid is the spatial

representation of the group's mean for each of the predictor

variables (20:16). The case is assigned to the group with

the closest (the smallest Mahalanobis distance) group

centroid. During the development of the discriminant

function and when adding new discriminating variables, the

objective is to maximize the distance between the closest

groups.

The canonical correlation also aids in determining the

importance of the discriminant function by telling how

closely the function and the group variables are related

(31:297). The higher the canonical correlation coefficient

the better the association between the discriminant function

and the groups. A value of zero means there is no

association, and a value of one represents the maximum

correlation. A large coefficient would indicate that the

discriminant functions are able to accurately discriminate

between or among groups. Therefore, the canonical

correlation coefficient is a measure of the "power" of the

discriminate functions (20:36-37). For the purpose of this

research it is desirable to have a canonical correlation of

at least 0.70 to show that there is a good association

between the discriminant functions and the groups.
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Another statistic used to evaluate the results of the

discriminant analysis was the chi-square test of

significance. The hypothesis being tested is that there is

no difference between or among the groups under

investigation. The possibility of finding significant

results where none should exist is a consequence of relying

on sample data. Random sampling procedures may produce data

sets which are not good representations of the population.

A P-value is the probability of obtaining the results of our

discriminant analysis given the hypothesis is true.

Therefore, a low P-value would indicate that the hypothesis

is not true, which is the desired result. To help assure

confidence in the discriminant functions developed the

minimum P-value criterion was set at 0.01

Also important is the determination of the relative

importance of each variable in the discriminant function. To

do this, variable coefficients must be properly standarized

for comparison. The larger the coefficient the greater the

discriminating power of the variable.

Application

The first research objective of evaluating the HARM

model's effectiveness in properly classifying sites was

accomplished by comparing existing information. The

approach was to compare the Phase I HARM predicted site

grouping with the actual site classification based on the

Phase II investigations. The percent of properly classified
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sites in each group and the overall percent correctly

classified was computed. This was the measurement technique

used to evaluate the effectiveness of the HARM model in

predicting which sites needed further investigation.

The second objective was to improve HARM's ability to

discriminate between sites that needed further investigation

and those that required no further investigation.

Discriminant analysis using the site characteristics as

predictor variables and Phase II classifications as the

validating classification variable, was the analytical tool

used to meet this objective. The approach was to start with

minor simple changes in the HARM model and then work toward

more complex changes. Finally, additional site information

was included.

The first step was to use the final HARM score as the

only predictor variable. This is different than just

. comparing the Phase I HARM predictions because a single

point or score was determined as the break point between

*groups with no judgement involved.

The next step was to use only the HARM category scores

as predictor variables. After that analysis, the procedure

was changed by ignoring all special features of the HARM

algorithm and using all the raw information used in the HARM

model. The information consisted of 28 factor scores

representing site characteristics. Then to see if the

special features in the HARM algorithm added any
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discriminating ability to the discriminant function, each of

*the HARM category scores was tested by using them in place

of the factor variables they represented.

Based on the classification results at this point,

special features that were beneficial would be simplified or

improved if possible. Then new or different structural

features and interaction between variables would be tet--d.

Once the best classification function was obtained by using

- only the original HARM site information, additional

% %available information was included in an attempt to further

improve the new model's classification ability.

The third objective was to simplify the model without

sacrificing its ability to classify sites. The approach was

to select the best independent predictor variables based on

their discriminating power. The program used a stepwise

procedure to evaluate each variable according to its ability

to discriminate between groups (26:235). The MAHAL stepwise

. . evaluation method was used. This procedure seeks to

." maximize the Mahalanobis' distance between the closest two

groups. By using the stepwise procedure "a reduced set of

variables will be found which is almost as good as, and

sometimes better than the full set" (26:447). Only the

variables with the most unique discriminating power entered

the model. If a variable duplicated the discriminating

" information of a variable already in the function, the new

.54

. . . .. . . . . . . . . . . . .
I10 p .. - * * " *



variate . s nct included. The result of this procedure was

an optimal variable set being selected.

--lie lSt b-ect -ve was to evaluate the sites that were

mIsclas.'fied in an effort to identify any unique

characteristics. The approach was to see how far the

individual site characteristic predictor variable values

deviate from the associated mean and frequency values for

the appropriate group. This will provide insight into

possible model shortcomings or unique characteristics that

may not be encountered at most hazardous waste sites.

Once the best possible model was obtained, it was

tested for accuracy by using split-sample validation.

Because the classification function is based on the sites it

is trying to classify, there is a built in bias toward

increased effectiveness in correctly classifying sites. To

compensate for this, about twenty percent of the sites were

excluded from the model development and then used to

evaluate the classification function. There is a potential

problem with this approach. Since using a data subset

further reduces the sample size, it may affect the

reliability of the classification function. That is why

about 80% of the sites were used to develop the

classification functions and only 20% were used to test

them. The split-sample was stratified to maintain group

proportions.
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V. Results and Analysis

-escrictive Statistics

Descriptive statistics provide insight into the data

used in this research. Site classification profiles were

developed using frequency analysis to obtain the mode and

range for each variable. Both the mode and the second most

frequent value along with their associated percentages are

provided. Mean values are used for interval level category

scores and the final HARM score. Since the research

approach combined the long term monitoring and the remedial

action classes into one group, a profile of this new action

required group was necessary. The other group profile was

for the no action group. Also, a composite profile of all

the sites in this research was included for completeness.

The three profiles are presented in Tables II through IV.

The information provided in these profiles is generally

self-ex2.:anatcry, but there are several significant results

which need highlighting.

Total Data Evaluation. Although little difference was

observed in the variable ranges of each group, it is

, - interesting to note that the composite data had three site

characteristics which did not use their entire range. The

minimum coded values for fainfall intensity, depth to
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Table II

Profile of All Sites

Site Mode/% 2nd/% Code Actual
Variable Range Range

Population 0/43% I/3'4 0-3 0-3
Distance to Well 3/52 1/19 0-3 0-3
Land Use 2/65 0/18 0-3 0-3
Distance within Base 3/51 2/33 0-3 0-3
Critical Environment 0/47 2/31 0-3 0-3
Surface Water Quality 1/45 2/23 0-3 0-3
Ground Water Use 0/42 1/27 0-3 0-3
Population Use of SW 0/88 3/7 0-3 0-3
Population Use of GW 3/69 1/16 0-3 0-3
Waste Quantity 1/40 2/34 1-3 1-3
Confidence Level 2/51 1/49 1-2 1-2
Waste Hazard Rating 3/86 2/12 1-3 1-3
Persistence 1/71 .9/15 .4-1 .4-1
Physical State 1/82 .75/15 .5-1 .5-1
Direct Contamination 0/94 1/6 0-1 0-1
Indirect Contam. 0/81 1/19 0-1 0-1
Distance to SW 2/44 0/20 0-3 0-3
Surface Erosion 0/55 1/31 0-3 0-3
Surface Permeability 1/47 0/46 0-3 -
Rainfall Intensity 2/49 3/34 0-3 1-3
Flooding Zone 0/71 1/23 0-3 0-3
Depth to Ground Water 3/59 2/28 0-3 1-3
Net Precipitation 2/43 0/20 0-3 0-3
Soil Permeability 3/48 2/35 0-3 1-3

Subsurface Flows 3/35 1/29 C-3 0-3
Direct Access to GW 0/68 3/20 0-3 0-3
Waste Management 1/76 .95/24 .95-1 .95-1

Standard
Mean Deviation

Receptors Score 15.2 0-100 25-91
Hazardous Waste Score 57.1 21.8 4-100 4-100
Pathways Score 71.7 16.8 0-100 28-100

Final HARM Score 58.2 10.7 0-100 29-85

GW-Ground Water
SW1-Surface Water
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Table III

Profile of Phase II No Action Sites

Site Mode/% 2nd/% Code Actual
Variable Range Range

Population 1/53% 0/38% 0-3 0-3
Distance to Well 3/38 0/28 0-3 0-3

Land Use 2/63 3/22 0-3 0-3
Distance within Base 3/38 2/34 0-3 0-3
Critical Environment 2/50 0/44 0-3 0-3
Surface Water Quality 1/50 2/31 0-3 0-3
Ground Water Use 0/63 3/22 0-3 0-3
Population Use of SW 0/97 3/3 0-3 0-3
Population Use of GW 3/66 0/25 0-3 0-3
Waste Quantity 1/66 3/19 1-3 1-3
Confidence Level 1/59 2/41 1-2 1-2
Waste Hazard Rating 3/88 2/9 1-3 1-3
Persistence 1/66 .8/19 .4-1 .4-1
Physical State 1/91 .5/6 .5-1 .5-1
Direct Contamination 0/100 1/0 0-1 0-0
Indirect Contam. 0/94 1/6 0-1 0-1
Distance to SW 3/53 1/31 0-3 1-3
Surface Erosion 0/56 1/31 0-3 0-2
Surface Permeability 1/63 0/34 0-3 0-2
Rainfall Intensity 3/41 1/31 0-3 1-3
Flooding Zone 0/75 1/25 0-3 0-1
Depth to Ground Water 3/63 1/19 0-3 1-3
Net Precipitation 3/41 2/38 0-3 0-3
Soil Permeability 2/38 3/34 0-3 1-3
Subsurface Flows 2/38 0/31 0-3 0-3
Direct Access to GW 0/79 3/17 0-3 0-3
Waste Management 1/75 .95/25 .95-1 .95-1

Standard
Mean Deviation

Receptors Score T2.3 13.4 0-100 26-87
Hazardous Waste Score 52.3 24.9 4-100 4-100
Pathways Score 63.7 15.0 0-100 28-100

Final HARM Score 52.1 9.0 0-100 29-71

GW-Ground Water
SW-Surface Water
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Table IV

Profile of Phase II Required Action Sites

Site Mode/% 2nd/% Code Actual
Variable Range Range

Population 0/45% 1/26% 0-3 0-3
Distance to Well 3/58 1/17 0-3 0-3
Land Use 2/65 0/20 0-3 0-3
Distance within Base 3/57 2/33 0-3 1-3
Critical Environment 0/49 2/24 0-3 0-3
Surface Water Quality 1/43 0/21 0-3 0-3
Ground Water Use 1/36 0/33 0-3 0-3
Population Use of SW 0/84 3/9 0-3 0-3
Population Use of GW 3/70 1/18 0-3 0-3
Waste Quantity 2/42 3/29 1-3 1-3
Confidence Level 2/55 1/45 1-2 1-2
Waste Hazard Rating 3/86 2/13 1-3 1-3
Persistence 1/56 .9/16 .4-1 .8-1
Physical State 1/79 .75/20 .5-1 .5-1
Direct Contamination 0/91 1/9 0-1 0-1
Indirect Contam. 0/75 1/25 0-1 0-I
Distance to SW 3/63 2/21 0-3 0-3
Surface Erosion 0/54 1/30 0-3 0-3
Surface Permeability 0/51 1/41 0-3 0-3
Rainfall Intensity 2/58 3/32 0-3 1-3
Flooding Zone 0/70 1/22 0-3 0-3
Depth to Ground Water 3/58 2/32 0-3 1-3
Net Precipitation 2/45 1/26 0-3 0-3
Soil Permeability 3/54 2/34 0-3 1-3
Subsurface Flows 0/37 1/36 0-3 0-3
Direct Access to GW 0/51 3/30 0-3 0-3
Waste Management 1/76 .95/24 .95-1 .95-1

Standard

Mean Deviation
Receptors Score 50.9 15.2 0-100 25-91
Hazardous Waste Score 59.1 20.3 4-100 23-100
Pathways Score 75.1 16.4 0-100 42-100

Final HARM Score 60.8 10.3 0-100 43-85

GW-Ground Water
SW-Surface Water

59

--.....................................- *

S 5 ' ! 5



ground water, and soil permeability were coded one instead

of zero, which would indicate that the low end of the range

for these characteristics was not used.

The direct access to ground water characteristic had 23

missing values due primarily to information being unknown

when the Phase I study was conducted. The missing values

were properly coded as zero, which would indicate no

evidence of direct access risk. This allowed those sites

with missing values for the direct access to ground water

variable to remain in the analysis.

Phase II Group Profile Differences. Although the

significance of group differences was evaluated by the

discriminant analysis technique, several general

observations are helpful at this point. The HARM model

provided specific criteria for assigning ratings for each

variable. However, the criteria were based on subjective

estimates of relative importance with respect to potential

site hazards without being validated against actual site

conditions.

Consequently, when the model was applied in the field,

some of the variables received ratings that tended to

cluster at the high end of the scale without utilizing the

full range of possible values. Likewise, other variables

were almost always assigned values at the low end of the

scale. This does not mean that these variables cannot be

used to differentiate between groups. As long as the
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ratings associated with the required action group are

generally higher than the ratings associated with the no

action group, these variables can still provide important

information about group differences irrespective of the

limited range of assigned ratings. It is the differences

between ratings for the two groups which become important

for classification purposes and not the magnitude of the

rating itself.

To evaluate group differences, the difference between

mean values for site characteristic variables in the no

action and the required action groups were compared. A

variable was considered to have a positive group

relationship if the mean value was at least 0.4 higher in

the required action group compared to the no action group.

Mean values that had less than the 0.4 difference between

groups were considered neutral. If the variable had a 0.4

mean difference in the opposite direction (with the no

action group higher) then the relationship was considered

negative.

A negative variable contradicts the logic employed in

establishing the HARM rating criteria. The ratings

associated with the no action group are generally higher

than the rating associated with the required action group.

Even though the negative variables provide a basis for

differentiating between the two groups, the apparent

contradictions still need to be explained.
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The mean difference criteria was based on a rating

scale of zero to three. Therefore, the crLterL 'cr

evaluating differences between means for vw&iables which

employed a different rating scale had to be modified

accordingly. Table V lists the mean values for those

variables which met the difference criteria. 'roup

profiles, presented in Tables III and IV, provide

information on the ratings assigned to all of the HARM

variables.

Based on the difference between mean responses, six

site characteristics had significantly higher means for the

required action group than for the no action group. This

difference in mean response indicates that the behavior of

these variables supports the HARM relationship theory.

Consequently, it is probable that these variables should

appear as significant discriminators between the two groups.

Positive variable relationships were identified in each

of the three majo-r categories (receptors, waste

characteristics, and pathways). In the receptors category,

the distance to the nearest well and the distance within the

base boundary showed a positive group relationship. The

single positive relationship representing the waste

characteristics category was the waste quantity variable.

.. The pathways category had three variables with positive

relationships. The mean values for direct and indirect

evidence of contamination do not meet the positive
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relationship criteria because this type of evidence is

usually not available. However, they were considered to

have a positive variable relationship because of group
frequency differences. Mz-ne of the seven sites with direct

evidence of contamination were in the no action group, as

would be expected. Only two of the twenty-one sites with

indirect evidence of contamination were in the no action

group. The direct access to ground water characteristic is

somewhat subjective but it also showed a positive variable

relationship.

Table V

Mean Profile Comparisons

Site Phase II Groups Phase I Groups
* Variable No Action Action No Action Action

Distance to Well 1.56 2.20 1.77 2.06

Distance within Base 2.06 2.46 1.71 2.46

Waste Quantity 1.53 2.00 1.47 1.93

Direct Contamination 0.00 0.09 0.00 0.08

Indirect Contam. 0.06 0.25 0.06 0.22

Direct Access GW 0.58 1.25 0.18 0.90

Land TUse 1.94 1.57 1.53 1.70

Iet Precipitation 2.00 1.36 1.71 1.55

Subsurface Flows 1.44 1.07 0.53 1.32

Soil Permeability 2.06 2.44 2.59 2.26

GW-Ground Water
SW-Surface Water
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It is interesting to note that about half the site

characteristics had a neutral variable to group

relationship. The waste hazard rating characteristic and

the waste management factor show no difference in their mean

values and little frequency difference between groups. The

hazard rating is high for all sites, which indicates that

most of the sites in this research contained wastes

considered to have a high degree of associated hazard.

Management at hazardous waste sites showed no difference

between mean values since there were only 26 sites with some

waste management and the frequency distribution was

proportional between the groups.

The site characteristics which showed a negative group

relationship are difficult to explain. Some possible

explanations are offered here but further research should be

conducted to determine the cause of the inverse relationship

before major model changes in variable group relationships

are implemented.

The characteristic land use in the vicinity of the site

showed a negative group relationship. Frequency information

was reviewed to determine the source of this inverse

relationship. All four ratinc levels (0-remote,

1-agricultural, 2-commercial/industrial, and 3-residential)

occur in each group. The predominant level for the no

action group is commercial/industrial with 20 of 32 sites in

that level. On the other hand, 50 of the 76 sites in the
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required action group are in the same level. The major

differences appear to be at the extreme rating levels. A

greater proportion of sites in C-remote or 1-agricultural

areas are in required action group. Conversely, a greater

proportion of sites in 3-residential areas require no

action.

A reasonable explanation for this is that the attitude

toward sites in remote or agricultural areas where the

disoosal occurred was probably "Let's dump it out here where

it won't hurt anything" with little concern for the

- apotential hazards of contaminant migration. On the other

hand, hazardous waste sites in the vicinity of residential

areas probably were controlled more because of concern for

nearby residents. The land use factor was coded to indicate

little adverse impact in remote areas and maximum adverse

impact in residential areas. It appears that hazardous

waste sites were often located where little adverse impact

could occur. The net result was that there was a greater

potential for contaminant migration at remote sites. If

this is true as the data suggests, then the site location is

an indication of potential contaminant migration. It could

be used as a multiplier of the pathways and/or waste

characteristic category score if the coding was reversed to

maintain the same HARM relationship.

Net precipitation is the annual precipitation minus the

evapotranspiration. The theory is that net precipitation
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aids in the migration of contaminants via ground water or

surface water. The mean values for net precipitation were

0.6 higher in the no action group, which is the inverse of

the general theory. Two possible explanations for this were

considered. One is that high annual precipitation would

completely flush out the site and remove the hazardous

waste. This is not very likely unless the site is very

small.

The other possible explanation stems from the sample

data. One base had all of the sites that were coded three

(high net precipitation). Twelve of the eighteen sites on

that base were in the no action group and six were in the

required action group. This resulted in a disproportionate

number (37.5%) of no action sites coded for high net

precipitation. The fact that two-thirds of the sites with

high net precipitation required no action may have been due

to a unique feature of that base. A fairly large number of

sites with low HARM scores was investigated during Phase II.

This generally is not done at other bases. Therefore,

assuming the HARM score is a good predictor of sites

requiring action, a disproportionate share of sites with low

HARM scores (predicting no action required) were

investigated at a high net precipitation base. This

situation could also help explain why the no action group

4. had a higher mean for subsurface flow than the action

required group. A aigh subsurface flow indicates that the
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bottom of a site is frequently submerged below the ground

water level and sites in a high net precipitation area are

more likely to have a high ground water level. This is

especially true in the coastal area where this base is

located.

The other site relationship reviewed dealt with soil

and surface permeability. A high soil permeability provides

a good pathway for ground water contamination. There was a

positive variable relationship, with the mean for soil

permeability almost .4 higher in the action required group

than the no action group. On the other hand, high

impermeability of a surface cover at a site would increase

runoff, which in turn would increase chances of surface

water contamination. Because of this the surface

permeability was coded so that a high impermeability

received a high score.

The data shows a slightly higher mean (.16) for the no

action group. This small difference is probably not

significant but could be attributed to the fact that about

64% of the sites requiring remedial action had high ground

water pathway category scores. In those cases the surface

permeability score could be either high or low and still not

be a determining factor, since the surface water pathway was

not the highest pathway.

Phase I Group Profile Differences. Profiles are

provided in Tables VI and VII for the Phase I recommended
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groups to show how HARM was being implemented. A comparison

of mean values for each Phase I group was conducted in the

same manner as for the Phase II groups. Results are also

included in Table V. The relationships were generally

similar to those of the Phase II groups. Almost all the

variable relationships supported the HARM approach with

higher frequency values and means associated with the

required action group. This was the expected result because

it was a direct application of the HARM theory and only

adjusted when judgement influenced site group

recommendations.

The waste hazard rating, which showed no mean

difference between Phase II groups, had a positive variable

relationship in the Phase I groups. The land use mean

values also showed a positive variable relationship with the

Phase I groups. This would indicate judgement did not

perceive the inverse relationship for this variable.

The mean values for subsurface flows went from a

negative variable relationship with Phase II groups to a

strong positive relationship with Phase I groups. There was

a significant shift away from the base which had 12 Phase II

no action groups and high subsurface flows to Phase I no

action sites with low subsurface flows. This could explain

the shift in relationship and results in another positive

variable.
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Table VI

Profile of Phase I No Action Sites

Site Mode/% 2nd/% Code Actual
Variable Range Range

Population 1/47% 0/35% 0-3 0-3
Distance to Well 1/35 3/35 0-3 0-3
Land Use 2/76 0/24 0-3 0-2
Distance within Base 1/53 2/24 0-3 1-3
Critical Environment 0/53 2/24 0-3 0-3
Surface Water Quality 1/65 0/18 0-3 0-2
Ground Water Use 0/29 2/29 0-3 0-3
Population Use of SW 0/100 1/0 0-3 0-0
Population Use of GW 3/65 1/29 0-3 1-3
Waste Quantity 1/59 2/35 1-3 1-3
Confidence Level 1/65 2/35 1-2 1-2
Waste Hazard Rating 3/65 2/24 1-3 1-3
Persistence 1/53 .8/29 .4-1 .4-1
Physical State 1/76 .75/12 .5-1 .5-1
Direct Contamination 0/100 1/0 0-1 0-0
Indirect Contam. 0/94 1/6 0-1 0-1
Distance to SW 3/47 1/24 0-3 0-3
Surface Erosion 0/76 1/12 0-3 0-2
Surface Permeability 1/53 0/47 0-3 0-1
Rainfall Intensity 2/76 3/24 0-3 2-3
Flooding Zone 0/82 1/18 0-3 0-1
Depth to Ground Water 3/53 2/29 0-3 1-3
Net Precipitation 2/41 3/24 0-3 0-3
Soil Permeability 3/59 2/41 0-3 2-3
Subsurface Flows 0/65 1/24 0-3 0-3
Direct Access to GW 0/82 1/18 0-3 0-1
Waste Management 1/88 .95/12 .95-1 .95-1

Standard
Mean Deviation

Receptors Score T 11.8 0-100 25-57
Hazardous Waste Score 40.5 17.0 4-100 4-80
Pathways Score 58.4 11.1 0-100 42-80

Final HARM Score 46.9 6.2 0-100 29-55

GW-Ground Water

SW-Surface Water
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Table VII

Profile of Phase I Require4 investigation Sites

Site Mode/% 2nd/% Code Actual
Variable Range Range

Population 0/441 1/32% 0-3 0-3

Distance to Well 3/55 1/16 0-3 0-3
Land Use 2/63 0/18 0-3 0-3
Distance within Base 3/56 2/35 0-3 0-3
Critical Environment 0/46 2/33 0-3 0-3

Surface Water Quality 1/42 2/24 0-3 0-3

Ground Water Use 0/44 1/27 0-3 0-3
Population Use of SW 0/86 3/9 0-3 0-3
Population Use of GW 3/69 1/13 0-3 0-3
Waste Quantity 1/36 2/314 1-3 1-3
Confidence Level 2/54 1/46 1-2 1-2
Waste Hazard Rating 3/90 2/10 1-) 2-3
Persistence 1/75 .9/15 P,- .3-I
Physical State 1/84 .75/15 .5-1 .5-1
Direct Contamination 0/92 1/0 0-I 0-1
Indirect Contam. 0/78 1/22 0-1 0-1
Distance to SW 3/63 2/19 0-3 0-3
Surface Erosion 0/51 1/34 0-3 0-3
Surface Permeability 0/46 1/46 0-3 -3
Rainfall Intensity 2/144 3/36 2-3 1-3
Floodin6 Zone 0/69 1/24 C-3 0-3
Depth to Ground Water 3/60 2/27 0-3 1-3

Net Precipitation 2/43 0/21 0-3 0-3
Soil Permeability 3/46 2/314 0-3 1-3
Subsurface Flows 1/30 0/30 0-3 0-3
Direct Access to GW 0/65 3/24 0-3 0-3

Waste Management 1/74 .95/26 .95-1 .95-1

Standard

Mean Deviation
Receptors Score 7 15.5 0-100 2-91
Hazardous Waste Score 60.2 21.3 4-100 23-10C
Pathways Score 74.2 16.5 0-100 28-100

Final HARM Score 60.4 10.0 0-100 44-85

GW-Ground Water
SW-Surface Water
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The two Phase I group variables with mean values that

indicate a negative relationship are the net precipitation

and soil permeability. The mean differences were not that

"- a nge i it was difficult to identify a cause. It could

possibly be attributable to the fact that only 17 Phase I no

action sites may not have been a large enough sample for

proper statistical analysis.

HARM Effectiveness

If the HARM model could predict with total accuracy

there would be no need to confirm the results with

investigative Phase II studies. This is not a realistic

expectation, so some errors will normally occur. Ideally the

model should minimize all classification errors, especially

those errors predicting no action at sites that actually

required action.

The first research objective was to validate the

current HARLM ranking system by evaluating HARM's ability to

correctly classify sites. Two measures of effectiveness

were used throughout this research. One measurement was

that of the overall percentage of sites correctly

classified. The other was the number of sites incorrectly

predicted to require no action when action was actually

required. For the purpose of this research this type error

will be referred to as a Class I error. This second

measurement was singled out because it is considered the

more serious type of error. If an error is to be made it is
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desirable to err on the side of safety. In other words, it

is better to investigate a few sites that do not need

investigation than to not investigate sites that require

investigation.

The rezults for the current HARM model as validated

with Phase II classifications are provided in Table VIII.

The current HARM model correctly classified 67.6% of the

sites into the correct group (required action/no action).

This table shows how many sites were predicted for each

group as well as how many of those predictions were correct

and how many were incorrect.

Tatle VIII

Classification Results for Phase I Predictions

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

o 3cicn 3 25

21.90 78.1%

Required 76 10 66
Action 13.2% 86.8%

Total Percent of Cases Correctly Classified 67.6%

Cn'y seventeen sites were predicted to require no

action, tut ter, of those sites actually required remedial

action (Class I error). If the Phase I recommendations had

been followed these ten sites would not have been

investigated, although the sites were actually contaminated.

On the other hand, twenty-five sites were investigated which
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did not actually have a problem which caused unnecessary

investigative expenses.

HARM Improvement

Evaluation of the HARM Model. To improve HARM it was

necessary to investigate the components of the current HARM

model. The current procedure is to use the final HARM score

and some independent judgement to predict if the site needs

further investigation (required action) or not (no action).

That is why there is some final HARM score overlap between

groups as shown in the Phase I group profiles, Tables VI and

VII. The highest HARM score in the group recommended for no

action was fifty-five, while the lowest HARM score in the

Phase I required action group was forty-four. This exerc1se

of judgement instead of just using a cut-off score is

supported by the actual Phase II group profiles in Tables

III and IV. The lowest value in the Phase II action

required group was forty-three while the highest value in

the Phase II no action group was seventy-one.

The discriminant analysis program was run with only the

final HARM score as the predictor variable to evaluate the

use of judgement against a single cut-off score. The results

show several important things. The percentage of sites

correctly classified was 64.8%, which was only slightly less

than when judgement was used, but the number of Class I

errors was thirty, which was significantly worse. The

canonical correlation for the discriminant function based on
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the total HARM score was 0.387. This would indicate that

there is some relationship, but it is not strong.

The use of a single cut-off score resulted in 54 cases

being assigned to the no action group and 46 cases being

assigned to the required action group. When judgement was

applied, the figures were 17 and 91 respectively. Clearly,

the exercise of judgement resulted in more cases being

assigned to the required action group. This bias

significantly reduced the Class I error at the expense of

investigating more sites than necessary. This fact both

emphasizes the importance attached to committing a Class I

error and the need for a better classification method to

reduce excessive cost of unnecessary investigations. The

results of this run are presented in Table IX.

Table IX

Classification Results for Final HARM Scores

Predicted Group
No.of Membership

" Actual Group Cases No Action Reqd. Actior

No Action 32 24 8
75.0% 25.0%

Required 76 30 46
Action 39.5% 60.5%

Total Percent of Cases Correctly Classified = 64.8%
Canonical Correlation .378

One other statistic was checked to insure that the

discriminant function reflected actual group differences.
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The chi-squared significance test for this run resulted in a

P-value of .0001. This meant that the chances of finding a

discriminant function this good, when there was actually no

difference between groups, was one in 10,000. Thus, we can

assume the discriminant function represents actual group

differences. For all subsequent analysis, the P-value was

not reported unless it was greater than .001.

The next approach was to use HARM category scores as

predictor variables, and to evaluate their contribution to

the discriminant function's ability to correctly classify

groups. Three major category scores (receptors, waste

characteristics, and pathways) were multiplied by the

management factor just like current HARM procedures, and

then used as predictor variables. The results presented in

Table X show some overall improvement in classification

-" (69.4%) but little improvement in the Class I errors (29).

The canonical correlation also improved to .421.

Table X

Classification Results for Three HARM Categories

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 28 4
87.5% 12.5%

Required 76 29 47
Action 38.2% 61.8%

Total Percent of Cases Correctly Classified 69.4%
Canonical Correlation = .421
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The HARM model considers the waste management factor as

a separa.te category, although it is used as a multiplier.

The next approach, therefore, was to use all four category

scores as predictor variables. The management factor and

-. the other three unadjusted category scores provided the best

overall results at this point and are presented in Table XI.

The overall classification was 68.5%, which was not quite as

good as with the three adjusted category scores. However,

the canonical correlation was .476 and the Class I errors

dropped to twenty-five. These results were starting to show

some improvement over the current HARM model.

Table XI

Classification Results for Four Categories

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 23 9
71.9% 28.1%

Required 76 25 51
Action 32.9% 67.1%

. Total Percent of Cases Correctly Classified 68.5%
Canonical Correlation .476

At this point the model improvement approach was

changed. Discriminant analysis was run with all 27 HARM

predictor variables. This approach used all the HARM

information but did not consider any special HARM model
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interaction or structural features. The results of this

approach are provided in Table XII.

There was marked improvement in all areas. The

canonical correlation jumped to .740, which would indicate a

fairly strong relationship. The percentage of all sites

correctly classified increased to 88.9% and the number of

Class I errors dropped to nine.

Table XII

Classification Results for All HARM Variables

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 29 3
90.6% 9.4%

Required 76 9 67
Action 11.8% 88.2%

Total Percent of Cases Correctly Classified 88.9%
Canonical Correlation = .740

To see if any special features of the HARM model

algorithm could improve on the basic linear model approach,

several special predictor variables were considered. The

two areas of the model that use special features are in the

waste characteristics and pathways categories.

Each special feature category score was used in place

of the factors they represented, but in both cases the

predictive ability of the discriminant function decreased.

Although these special HARM features did not improve the
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discriminant function, other special predictor variables

will be tried in the next section.

Interaction and St rctura! Chanes. The best

discriminant function developed at this point contains no

interaction predictor variables. The HARM model considered

interaction between the waste characteristic category score

and the waste management factor. This interaction appeared

logical. Therefore, a similar interaction variable was

developed. The key factor was the waste quantity, which the

descriptive statistics showed was an important factor. This

factor was multiplied by the waste persistence factor and

the waste management factor to form a new interaction

predictor variable. This combination of factors was used

because it was felt that their combined effects could not be

represented by the linear combination of individual factors.

The new interaction predictor variable was added to the

list of basic HARM factors which were already predictor

variables in the discriminant function. The results shown in

Table XIII indicate some minor improvement. The canonical

correlation increased from .740 to .750, Class I errors

dropped from 9 to 8, and the overall correct classification

was 89.8%.

The descriptive statistics indicated that the land use

factor may be a good indicator of hazardous waste management

if coded in reverse. This was done and the recoded land use

factor was substituted for the waste management factor in

: '. " 7 8
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Table XIII

Classification Results for Hazardous Waste Interaction

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 29 3
90.6% 9.24

Required 76 8 68
Action 10.5% 89.5%

Total Percent of Cases Correctly Classified 89.8%
Canonical Correlation = .750

the interaction predictor variable. The results shown in

Table XIV indicated a slight decrease in the discriminant

function's ability to classify sites. The land use factor

apparently was an unsatisfactory indicator of waste

management.

Table XIV

Classification Results for Interaction With Land Use

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 29 3
90.6% 9.4%

Required 76 10 66
Action 13.2% 86.8%

Total Percent of Cases Correctly Classified 88.0%Canonical Correlation = .740

Another area of possible interaction dealt with

matching receptor factors with pathway factors. Both the
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ground water and surface water pathways had receptors

associated with them. The concept was that the combined

effect of receptors and pathways would be greater than the

effect of their individual factors. The ground water

interaction was investigated first because ground water was

used more by the surrounding population. In addition,

two-thirds of the sites requiring remedial action had ground

water as the most probable pathway.

The ground water use factor was added to the population

use of ground water factor. This composite receptor

variable was then multiplied by the sum of the pathway

factors; epth to ground water, soil permeability and direct

access to ground water. The subsurface flow factor was

excluded from the pathway factors because it showed an

inverse relationship with the other pathway factors. The

resultant special variable was considered the best

combination to represent this interaction.

The results of adding this interaction variable to the

basic HARM factors already in the discriminant function, as

shown in Table XV, did not indicate any model improvement.

Since ground water interaction showed no improvement,

surface water interaction was not tested. This approach was

considered reasonable because 880 of all sites had no use of

the surface water by the surrounding population.

eThe next approach was to try adding a predictor

variable that represented the highest pathway subscore.
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Table XV

Clas3iflcation Results for Ground Water Interaction

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 29 3
90.6% 9.14%

Required 76 9 67
Action 11.8% 88.2%

Total Percent of Cases Correctly Classified 88.9%
Canonical Correlation .740

This added emphasis to the highest individual pathway. The

approach essentially duplicated the HARM procedure of

• .- selecting the highest subscore among the five subcategories

(direct evidence, indirect evidence, surface water,

flooding, and ground water). This new predictor variable

was added to the list of HARM factor predictor variables.

As with the past run, adding this special variable to the

discriminant function did not improve its classification

capability. This is what the results in Table '1II indicate,

although the canonical correlation increased slightly to

.758.
A similar structural feature was tried by creating a

variable that recorded the highest pathway subscore between

just the ground water and the surface water. This approach

was taken to add emphasis to the highest score among the two

most common pathways. Again the results showed no

improvement.
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Table XVI

Classification Results for Maximum Pathway

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 29 3
90.6% 9.4%

Required 76 9 67
Action 11.8% 88.2%

Total Percent of Cases Correctly Classified = 88.9%
Canonical Correlation .758

This concluded the search for special interaction and

structural variables. Although only the waste

*- quantity/waste persistence/management factor interaction

variable showed overall improvement, the other special

variables developed were also retained as possible predictor

variables. The main reason they were kept was because they

represented important concepts which might become

significant in later analysis.

Additional Site Information. During the collection of

- -'data for this research several site characteristics were

recorded which were not being used by the HARM model.

Information on the type of hazardous waste site, the type of

probable contamination, and whether or not the disposal was

on or below ground surface was collected.
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Stepwise discriminant analysis was used to select only

the additional variables with the most discriminating power.

The objective was to add only additional variables that

significantly added to the discriminant functions ability to

classify sites. The list of variables used included all the

HARM factor variables, the special interaction and

structural variables, and the new information variables. All

variables were allowed to enter the stepwise analysis.

Several runs were required to give all the new information

variables a chance to enter the stepwise analysis.

The results represent the maximum improvement that was

obtained from this research using all the information

available and adding special interaction and structural

variables. The results of this discriminant function model

. are presented in Table XVII.

Table XVII

Classification Results for Full Information Model

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 30 2
93.8% 6.3%

Required 76 5 71
Action 6.6% 93.4%

Total Percent of Cases Correctly Classified = 93.5%
Canonical Correlation .838
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The results show that the additional information

improved the model's ability to correctly classify sites to

93.5%, with only five sites in the Class I error category.

A canonical correlation of 0.838 also indicated a strong

relationship. This is the final full information model

Model Simplification

The collection of information can be time consuming and

expensive, so an attempt was made to reduce the number of

predictor variables necessary to get good classification

results. Again, stepwise analysis was used to select the

best predictor variables. The HARM factor variables, the

special variables, and the significant new information

variables were all allowed to enter the stepwise analysis.

This approach eliminated fourteen predictor variables, but

the percentage of correctly classified sites dropped tc

90.7% with 9 Class I errors and a canonical correlation of

0.815. Most of the information contained in the site

characteristic variables eliminated was provided by other

variables with similar information or was of little

significance. Table XVIII summarizes the results of this

reduced model.
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Table XVIII

Classification Results for Reduced Model

Predicted Group
No.of Membership

Actual Group Cases No Action Reqd. Action

No Action 32 31 1
96.9% 3.1%

Required 76 9 67
Action 11.8% 88.2%

Total Percent of Cases Correctly Classified 90.7%
Canonical Correlation .815

Interpretation of Model

The discriminant function coefficients obtained from

this research analysis can be used to indicate the

importance of the site predictor variables. The absolute

value of the weights which are the standardized canonical

discriminant function coefficients, is an indication of the

importance of the variables. For example, in the full model

the waste quantity with a coefficient of 2.88 contributes

about three times as much discriminating ability as the

waste persistence factor with a coefficient of .89. If the

investigator makes an evaluation error on a heavily weighted

variable it could easily result in a classification error.

Therefore, extra care should be taken when evaluating the

heavily weighted variables. The list of all the variables

and their associated weights are provided in Table XIX.
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Table XIX

Standardized Discriminant Function Coefficients

Site Full Reduced
Variable Model Model

Population 0.176 -0.252
Distance to Well 0.686 -0.561
Land Use -0.210 0.314

Distance within Base -0.209
Critical Environment -0.289
Surface Water Quality -0.268 0.314
Ground Water Use -1.363 1.127
Population Use of SW 1.059 -0.993
Population Use of GW -1.097 0.934
Waste Quantity 2.880 -0.343
Confidence Level -0.161 0.207
Waste Hazard Rating 0.883
Persistence -0.208
Physical State 0.063
Direct Contamination 0.261
Indirect Contamination 0.463 -0.280
Distance to Surface Water 0.417 -0.258
Surface Erosion 0.028
Surface Permeability 0.574
Rainfall Intensity -0.076
Flooding Zone -0.125 0.270
Depth to Ground Water 0.454
Net Precipitation -1.779 1.702
Soil Permeability 1.352.- -0.607
Subsurface Flows -0.278 0.462
Direct Access to GW 0.371
Waste Management 0.404 -0.330
Landfill Site 1.320 -1.110
Fire Training Area 0.160
Spill Site -0.335 0.279
Oil/Water Separator Area -0.286 0.240
Below Ground Disposal -0.598 0.707
Radiological Waste Site -0.181 0.322
Maximum Pathway 0.254 -0.550
Waste/management Interaction -2.733
GW/Receptor Interaction -0.077
Maximum GW/SW Pathway -0.196

GW-Ground Water
SW-Surface Water
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Classification is the process of deciding to which

group (no action, required action) a site belongs. The HA31f

model provided a final HARM score which was used to decide

to which group a site belonged. The discriminant analysis

program derives a classification function for each group

from the discriminant function. Each site has a

classification score computed for each group. The

classification score is obtained by multiplying each site

predictor variable score by its associated classification

function coefficient and summing all the results plus a

function constant. The classification function can be

expressed by the following equation (20:43):

Ck = Bko + BkiVi + * • + BkpVp

where

Ck = the classification score for group k

V, = the value of the ith predictor variable

Bko = classification function constant for group k

Bki = ith classification coefficient for the ith
predictor variable in group k

k = the number of the group

i = the number of the variable

p = the total number of predictor variables
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The site is assigned to the group for which it receives

the highest classification score. The classification

function coefficients provided in Table XXI can now be used

to classify sites instead of the HARM model. Both the full

information model and the reduced information model

coefficients are provided, so either can be used.

The list of misclassified sites provided in Table XX

were reviewed to check for any unique features. The highest

probability column reflects the probability for the group

that was selected. Three of the seven misclassified sites

had high probabilities for the wrong group so they were

studied in more detail.

Table XX

Classification Probability

Actual Group Highest

Site No. Group Selected Probability

84 1 0 .5344

87 1 0 .7160

89 0 1 .8154

91 0 1 .5627

92 1 0 .5714

100 1 0 .7523

105 1 0 .5942

0 --No Action
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Table XXI

Classification Function Coefficients

Site Full Reduced
* Variable .1o Action Action No Action Action

Population 3.6345 4.2307 4.0588 4.8426
Distance to Well -19.653 -17.634 -11.718 -10.207
Land Use -34.734 -35.538 -31.724 -32.524
Distance within Base 15.236 14.300
Critical Environment -10.443 -11.282
Surface Water Quality 94.229 93.256 57.842 56.800
Ground Water Use 93.075 89.252 15.704 12.814
Population Use of SW 39.957 44.373 0.5428 4.3325
Population Use of OW 173.66 170.31 41.150 38.539
Waste Quantity 361.68 374.04 31.777 33.126
Confidence Level 10.208 9.1309 5.3782 4.1158
Waste Hazard Rating 230.82 237.94
Persistence -367.66 -375.50
Physical State 69.940 71.721
Direct Contamination -153.52 -154.67
indirect Contamination -62.195 -5^.238 -15.329 -13.198
Distance to Surface Water 1.9304 3.5686 -14.927 -13.999
Surface Erosion 32.694 32.800
Surface Permeability 88.523 91.514

. Rainfall Intensity -30.341 -30.702
Flooding Zone -52.860 -53.428 -26.828 -27.953
Depth to Ground Water 74.849 76.953 15.815 17.872
Net Precipitation -3.5711 -9.7068 10.355 4.9849
Soil Permeability 132.38 138.56 51.500 -48.960
Subsurface Flows 19.455 18.619 -6.9267 -8.1975
Direct Access to GW 90.285 91.303Waste Management 7849.9 7912.3 5 467.4 510

Landfill"Sie -0.2493 8.7317 -17.212 -10-303Fire Training Area 28.705 30.415

Spill Site -34.065 -38.621 -6.4401 -9.9049
Oil/Water Separator Area 154.96 145.00 152.01 145.34

-" .. , Radiological Waste Site 187.04 182.51 98•473 91.083
. Below Ground Disposal 58.725 54.756 58.230 53.938

Maximum Pathway 39.117 39.430 23.603 24.224
U taste/Mgt. Interaction -113.72 -117.59
GW/.eceptor Interaction -2C.975 -20.997
Maximum G1/SW Pathway -51.620 -52.105

* '-.' Constant -4504.5 -4584.3 -3045.0 -3099.1
- .3 -3045. -3 9 .

"" G-Ground Water

SW-Surface Water
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No unique variables were identified that affected all

three sites. Instead, the prediction errors seemed to be

from a combination of variables. The variables with

discriminant function coefficients greater than one were

looked at closely because different values for these

variables can significantly affect the group prediction for

the site.

The site predicted to require action when none was

required, had several variable values that were inconsistent

with other values in that group. The site was classified as

a landfill disposal type. Fifty-one percent of the required

action group were of the landfill disposal type, while only

twenty-eight percent of the sites in the no action group

were landfills. Also, this site had a soil permeability

value of two, and eighty-eight percent of the required

action group was coded two or higher. On the other hand,

seventy-two percent of the no action group were coded two or

higher. In addition the population near the site was coded

two and only nine percent of the no action sites were coded

two or more, while twenty-nine percent of the action

required group was in this range. This shows the values

support the required action group prediction and partially

explain why the wrong group was selected.

The other two sites were predicted to require no action

when action was necessary (Class I error). One of the sites

was classified as a landfill, which does not support the
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prediction of no action. One variable identified that

supported the no action classification for the landfill site

was the distance within the base variable which was coded

one. The required action group only had ten percent of its

sites coded less than two while the no action group had

twenty-eight percent of its sites coded less than two. The

other site was not a landfill, which supported the no action

prediction.

The only unique feature that could be identified was

that all seven of the misclassified sites were at two of the

first bases investigated during Phase I. There is normally

a learning curve when a new evaluation procedure is started

and sometimes initial evaluations are inconsistent. This

could help account for the misclassifications if there were

incorrect evaluations of site variables.

Model Accuracy

To check the accuracy of the classification functions,

approximately twenty percent of the sites in each group was

deleted from the data and new classification functions were

developed. The larger group of sites was used to develop

the classification functions to help insure the stability of

the function coefficients. Then the ability of the new

classification functions to classify the excluded sites was

evaluated by looking at the classification results. Although

the remaining group of sites was probably too small of a

sample to accurately test the classification ability, the
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results of three runs are provided in Table XXII. The

results show improvement over the original HARM model in all

cases. Although the overall classification showed a wide

range, the percentage correctly classified in each of the

correct groups was greater than 80% for five of the six

groups.

The canonical correlation stayed above .8 for all

three discriminant functions run with the split samples.

The ability of the new models to classify the remaining

sites ranged from seventy-five percent to ninety-two percent

in overall classification efficiency.
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Table XXTI

Classification Results for Excluded Sites

Predicted Group

No.of Membership
Actual Group Cases No Action Reqd. Action

-:o Action 7 4 3
57.1% 42.9%

Required 17 3 14
Action 17.6% 82.4%

Total Percent of Cases Correctly Classified = 75.0%
Canonical Correlation with Included Sites = .883

No Action 3 8 C

100.0-, 0 .C

Required 19 2 17
Action 10.5% 89 .5%

* Total Percent of Cases Correctly Classified 92.6%

Canonical Correlation with Included Sites = .833

No Action 7 7 0
1 D C .0 0 0%

- Required 173 14
Action 17.6% 82.4%

Total Percent of Cases Correctly Classified = 87.5%
Canonical Correlation with Included Sites .822
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VI. Conclusions and Recommendations

The overall goal of this research was to improve the

ability to correctly predict which hazardous waste sites

needed further investigation based on an initial Phase I

Records Search. This goal was achieved and important

knowledge about site characteristics and the HARM model was

gained. Conclusions about the research questions outlined

in Chapter I will be presented first, along with some

general conclusions about the research data. The last

section will provide some final recommendations.

Conclusions

Research Question One. What does IRP Phase II data

show about HARM's ability to predict hazardous waste sites

that need investigation?

HARM's predictive capability both with and without

judgement was documented. By using the final HARM score and

expert judgement 67.6% of the sites were predicted to belong

to the correct groups. Ten sites were recommended for no

action that should have required action based on Phase II

results. When judgement was eliminated from the final

classification the percentage of correctly classified sites

dropped to 64.8%, but 30 sites were recommended for no

action when they should have required action based upon

Phase II results. This was a marked decrease in the
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effectiveness of the HARM model and reflected the the

results of conservative judgement. The HARM model was not

very effective in predicting the correct group, but with

judgement it was significantly better than randomly

assigning sites to groups.

Research Question Two. Can HARM's predictive

capability be improved?

The answer to this question was a definite "yes". By

using discriminant analysis to properly weight site

characteristics and develop classification functions 93.5%,

of the sites were properly classified with only five sites

predicted for no action when action was required. The

canonical correlation coefficient was .838, which indicated

good association between the groups and the discriminant

function. The site characteristic variables used to obtain

these results included twenty-seven raw HARM factors, two

structural and two interaction variables, and six new site

characteristic variables.

The accuracy of the full model was evaluated using a

split-sample approach. The results were inconclusive

because of the small sample size but the approach still

showed improvement over HARM's original classification

efficiency.

Research Question Three. Can HARM maintain its

*. effectiveness in predicting contaminated sites with less

information?
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Once the full model was developed with all available

:2 information, stepwise analysis was used to obtain the

reduced model which had 14 less variables. With 24

predictor variables the reduced model was still very

effective, correctly classifying 90.7% of the sites. The

canonical correlation remained high (.815) but the number of

Class I errors went from five to nine. Although not as good

as the full model, the overall results were still

*- considerably better than the original HARM model.

The results show that good overall classification

ability can still be maintained even with reduced

information. The increase in Class I errors is not

desirable, however. Therefore the full model is recommended

for use whenever possible.

Research Question Four. Does HARM work equally well

for all types of sites and situations?

No unique types of sites or situations were identified

that could account for the misclassification of sites. It

was noted, however, that all the misclassified sites were at

bases where the HARM model was first used. This indicated

there was probably a learning curve associated with using

the model. improper variable coding and resultant

classification errors could be minimized by only allowing

experienced people to use the model.

The data used for the research was considered reliable

and accurate. Descriptive statistics did reveal some
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surprising relationships between the Phase II classification

groups and the site characteristic variables. Some

'7 .variables strongly supported current HARM model

-relationships, but three variables appeared to have strong

inverse relationships to the current theory. The three

variables were: the surrounding land use factor from the

receptor category, net precipitation, and subsurface flows.

Some explanations were offered for the lower variable values

in the required action group, but more research is needed to

evaluate these inverse relationships.

Recommendations

This research study showed that the current HARM model

is doing a reasonable job in predicting which sites need

further investigation, but there is room for improvement.

Both the full and reduced model developed with discriminant

analysis showed over a 20 percentage point increase in

predictive ability. Although the results with the new

models are very good, they need further testing and

evaluation before they are ready for general use.

There is one additional recommendation. Currently,

,.. there is no bias in the model to err on the side of safety.

* Each site has an equal chance of being assigned to either

group. By multiplying the group classification scores by a

probability proportionate to the desired safety factor, a

more conservative classification process can be developed.
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A 60% probability for the required action group, and a 40%

probability for the no action group shculd provide

sufficient safety bias. The result wil! be that marginal

sites which could easily be assigned to either group will be

assigned to the required action group.

Future Research

With a significant improvement in the model's

predictive capability demonstrated as achievable, the final

evaluation and testing necessary before general application

is warranted. This study was limited primarily by the number

of sites in the no action group. Although technically

sufficient for the study, the sites may not have constituted

a representative sample. This possibility was highlighted

by the unexpected inverse relationship with net

precipitation. Twelve of the no action sites were from one

high net precipitation base and 20 of the 32 no action sites

were from just two bases.

Increasing the number and variety of no action sites

will insure a more representative sample. It will also help

in the investigation of the inverse relationships which must

be understood before any model incorporating them can be

used. All the model variable relationships should have

plausable explanations before they are included. Once

additional data is obtained, a final model can be developed

by using the same research approach used here.
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Cne area for future research which was not considered

is the coding criteria used for the site characteristics.

T-his may be especially beneficial for the heavily weighted

variables. In any case the refinement and testing of the

models developed in this research appears to be justified by

-the potential benefits.

.9
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APPENDIX A: USAF INSTALLATION RESTORATION PROGRAM
HAZARD ASSESSMENT RATING METHODOLOGY
Extracted from (18)

.ACKGROUNID

The Department of Defense (DoD) has established a

comprehensive program to identify, evaluate, and control
problems associated with past disposal practices at DOD
facilities. One of the actions required under this program

is to:

'develop and maintain a priority listing of
contaminated installations and facilities for

remedial action based on potential hazard to

public health, welfare, and environmental

impacts." (Reference: DEOPPM 81-5, 11 Decem-

ber 1981).

Accordingly, the United States Air Force (USAF) has sought

to establish a system to set priorities for taking further

actions at sites based upon infozmation gathered during the

Records Search phase of its Installation Restoration Program

(IRP).

The first site rating model was developed in June 1981

at a meeting with representatives from the USAF Occupational
and Environmental Health Laboratory (OEHL), Air Force
Engineering and Services Center (APESC), Engineering-Science
(ES) and CH2M HILL. The basis for this model was a system
developed for EPA by JRB Associates of McLean, Virginia.
The JRB model was modified to meet Air Force needs.

After using this model for 6 months at over 20 Air
Force installations, certain inadequac.es became apparent.
Therefore, on January 26 and 27, 1982, representatives of
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USA? OEM?, AIESC, various major commands, Engineering
Science, and C21 H4ILL met to address the inadequacies. The

result of the meeting was a new site rating model designed
to present a better picture of the hazards posed by sites at
Air Force installations. The new rating model described in

this presentation is referred to as the Hazard Assessment

Rating Methodology.

PURPOSE

The purpose of the site rating model is to provide a
relative ranking of sites of suspected contamination from
hazardous substances. This model will assist the Air Force
in setting priorities for follow-on site investigations and
confirmation work under Phase II of IRP.

This rating system is used only after it has been
determined that (1) potential for contamination exists
(hazardous wastes present in sufficient quantity), and

*. (2) potential for migration exists. A site can be deleted
from consideration for rating on either basis.

DZSCRIPTION OF MODEL

Like the other hazardous waste site ranking models, the
U.S. Air Force's site rating model uses a scoring system to
rank sites for priority attention. However, in developing
this model, the designers incorporated some special features
to meet specific DoD program needs.

The model uses data readily obtained during the Record
Search portion (Phase I) of the IRP. Scoring judgments and
computations are easily made. in assessing the hazards at a
given site, the model develops a score based on the most
likely routes of contamination and the worst hazards at the
site. Sites are given low scores only if there are clearly
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no hazards at the site. This approach meshes well with the

policy for evaluating and setting restrictions on excess DoD

properties.

Site scores are developed using the appropriate ranking

factors according to the method presented in the flow chart
(Figure 8-1). The site rating foro is provided on
Figure H-2 and the rating factor guidelines ae provided in
Table H-i.

As with the previous model, this model considers four

aspects of the hazard posed by a specific site: the

possible receptors of the contamination, the waste and its
chaacteristics, the potential pathways for waste contamin-
ant migration, and any efforts to contain the contamination.

-I Each of these categories contains a number of rating factors

that are used in the overall hazard rating.

The receptors category rating is calculated by scoring

each factor, multiplying by a factor weighting constant, and
adding the weighted scores to obtain a total category score.

The pathways category rating is based on evidence of
contaminant migration or an evaluation of the highest poten-
tial (worst case) for contaminant migration along one of
three pathways. If evidence of contaminant migration

exists, the category is given a subscore of 80 to
100 points. For indirect evidence, S0 points are assigned
and for direct evidence 100 points are assigned. If no
evidence is found, the highest score among three possible
routes is used. These routes are surface-water fligration,
flooding, and ground-water migration. Evaluation of each

route involves factors associated with the particular
migration route The three pathways are evaluated and the
highest score among all four of the potential scores is
used.
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The waste characteristics category is scored in three

steps. First, a point rating is assigned based on an

assessment of the waste quantity and the hazard (worst case)

associated with the site. The level of confidence in the

information is also factored into the assessment. Next, the

-, score is multiplied by a waste persistence factor, which

acts to reduce the score if the waste is not very persis-

tent. Finally, the score is further modified by the

physical state of the waste. Liquid wastes receive the

maximum score, while scores for sludges and solids are

reduced.

The scores for each of the three categories are then

added together and normalized to a maximum possible score of

100. Then the waste management practice category is scored.

Scores for sites at which there is no containment are not

reduced. Scores for sites with limited containment can be

reduced by 5 percent. If a site is contained and well

managed, its score can be reduced by 90 percent. The final

site score is calculated by applying the waste management

practices category factor to the sum of t.%e scores for the

other three categories.
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APPENDIX B: Data Base of Site Characteristics

Key for Data Base

Column (s) Variable

1-4 Site Identifier
5-6 General Disposal

10-Below Ground
01-Above Ground
00-Other or Both

7-10 Phase I Report Date
11 Population within 1,000 feet of site
12 Distance to nearest well
13 Land Use/Zoning within 1 Mile
14 Distance to Base Boundary
15 Critical Environments within 1 Mile
16 Surface Water Quality in Area
17 Ground Water Use of Upper Aquifer
18 Population Served by Surface Water Supply
19 Population Served by Ground Water Supply
20 Waste Quantity
21 Confidence Level
22 Hazard Rating

23-24 Persistence
25-27 Physical State
28-29 Evidence of Contamination

10-Direct Evidence
01-Indirect Evidence
00-No Evidence

30 Distance to Nearest Surface Water
31 Net Precipitation
32 Surface Erosion
33 Surface Permeability
34 Rainfall Intensity
35 Flooding
36 Depth to Ground Water
37 Net Precipitation
38 Soil Permeability
39 Subsurface Flows
40 Direct Access to Ground Water

41-43 Waste Management Practices
44 Phase II Site Classification

0-No Action
1-Long Term Monitoring
2 Required Action

"11
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45-48 Phase II Report Date
(49-59) Type of Site

49 1-Landfill
50 1-Fire Training Area
51 1-Spill Site
52 1-Waste Disposal
53 1-Drum Disposal
54 1-Radioactive Waste Area
55 1-Leaking Underground Storage Facilities
56 1-Oil/Water Separator
57 1-Waste Treatment Plant
58 0-Munitions Disposal
59 1-Other

(60-67) General Hazardous Waste Class
60 1-Volatile Organics
61 I-Petroleum, Oils and Lubricants
62 1-Heavy Metals
63 1-Radiological Substances
64 1-Polychlorinated Biphenyls
65 1-Sludge
66 0-Munitions
67 1-Other

68 Highest Pathway (GW/SW)
1-Ground Water (GW)
0-Surface Water (SW)

69-71 Receptors Category Score
.. 72-74 Waste Characteristics Category Score

75-77 Pathway Category Score
78-80 Final HARM Score

Bases Included in Research

Duluth IAP, MN
-* Eglin AFB, FL

Griffiss AFB, NY
Hancock Field, NY
Hill AFB, UT
Kelly AFB, TX
Langley AFB, VA
Luke AFB, AZ
MacDill AFB, FL
McGuire AFB, NJ
Robins AFB, GA
Tinker AFB, OK
Tyndall AFB, FL
Wright-Patterson AFB, OH
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Data used in HARM

1 040901820413220010321310100002111302121010028503010000000001000010044050062052

2 04081082041303001032231010000111 1302121009508503000100000000000010044080048054

3 040701820423220010331209100012111302121010028503001000000001000000046045080057

4 040401820413120110332309100003i013021210100285030i10000000i1 100000046090055064

5 04030182043323001031231010010310330212101002850300100000000000010051060100070

6 04051082042322001032131010001111 1302121010028503100000000001000010046050080059

7 040610820403220010331310075013111302122010028503100000000000000010042053080058
8 2ii2p.,iO32iiOOOi~OO~OO4tOOOOi~OOOOiO026

8 0202008206133013033231010000300110102031000841 1000100000011000001051100042064

*~1 9 2020806330031010000 i30012031000821000100000011000001062100046

10 090101810610332200011310100003211113212 1000820800010000000000011033040067047

12 090310810610332200011310100003211113213 10008208100000000000000011035040076050

* 13 020301820623330130332310100003001 101020310028411010000000001000001064100042069

14 030i018207012331001223101000122i220321i2i00284i00i00000000110000010420800e0067

15 030210820731233100121310100003201203222309528410100000000011000001049050081057

16 020401 820633230130322310100003001 101020310028411010000000001000001065080042062

17 030310820721233100121310100002201203222309528410100000000011000075015

18 03041082072123310011 1310100003202203213310028410100000000010000001047040081056

19 040100820423222010332310075103111302123010028503000100000000000 110057075100077

20 04021082043322201032231007510311 1302123010028503100000000000000010059060100073

21 090410810600222200012310100003211113213 10008208000100000000000011028060076055

22 090610810610232200011308100003211113212 10008208001000100001000001033032067044

4' 23 090710810600222200011310100003211113213 10018208100000000000000011028040076048

24 090810810600222200011310100003211113213 1001820810000000000000001 1028040076048



25 0909108106002322000 11310100003211113213 i00182081000000000000001 131040076049

26 0910018106i0322200011308iO0003211113212 10008208001000000001000001032032067044

27 09ili08iO6iO322000'4!1810032iiII32i2 100082080000001000010O0001035032067045

28 0905019i0,'6±03322 000113"-03 .000032 111132!i2 iOO0OSZO300iOOOOOOOt20001035032067045

29 i00i10821 1132311 1033230910000322d0203231210028410100000000000000011056090074073

30 100210821123231110332308075003210213232210028410100000000000000011058060081066

31 100310821133331 i2032'-30$07500321020323221002841010000000000000001 1067048080065

32 10041082it03030i00323091000022102022301L0018410000i00000001000001035090053059
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34 1006008211232311 10322209i000032102032300i00294100000101000010000 10053054056056

35 100701821!~ii12201 10322'30910000220020323O01000841001000000000!0000 11036072053054
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38 05010082041322003031221010000300120102001008505000000000100010000054050042049

39 050200820413220030311210050003001201020010008505000000000 1000100000540i5042037

40 050310820423230030322310075003031201020010028505100000000000000110059045065056

41 05041082041322003031 13i0100003001201020010018505i00000000000000010054040042045

42 05051082042322003031 1310100003021231020010018505100000000000000010056040100065

43 050610820413'4200303123i01000030312010200100185051000000000000000t0054060065060

44 05071082dl04i32'3003033t3100751030112i102001001835510000000000100011057053100070

45 05081082041323003031 1310100003021201020010018505100000000000000010057040057051

46 050910820413230030332310100003001201020010008S5500010000011000000057100046068

47 051010820413220030332&310100001001i20102001000850500010000011 1000154100028061

48 060110820232333133332310100013232202211309528502100000000000000010088100081085

49 06021082023233313333230907501223220221 1309528502100000000000000010088068080075

*1* 50 060310820212033333322309100003210232231309528502100000000000000010085072100081
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51 060410820212033333322210075013230233233309528502100000000000000010085045100073

52 06051082022223333333120905000321020323330952850210000000000000001 1091023095066

53 06061082020313333331230907500322020323230952850210000000000000001 iOQOO4jO33069
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78 l301008i1l202322102223I0100013100313133 1002840900000000010100011047080087071

79 130210811100122210231310100003100313131 10028409i0000000001000100104307006906i

80 13031081 1100022210231310100003100313131 1002840910000000001100001 1036070069058

C. 81 130401811100020210222310100002100313130 10028409010000000001000011025080060055

82 130510811100022210221310100003100313131 10028409t00000000011000011036050069052

83 01011081060323312012230910001323020323121001821210000000000000001 1063072080072

84 01021081061323212012130910000123120222101001821210000000000000001006004506105

85 010310810613232120112209i00001221203221010008212100000000000000010060045034053
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87 01051081061 121322012i2091000022012022200 10018212100000000000000010051036046044

88 0106008106112l0120121310100002211202230010028212000100000000001000031050054045

S9 01071081062121212011 1309100003221202220010008212100000000000000010044036069050

90 010300810601210120122308100001201202320010008212000000000100000011029064056050

91 14011081 10032222003313i01000023003033333095O84O910000000001 1001111054070100071

a-' 92 14021081 l0010t21003313i01000113003033330095i8409100000000011001111033070080058

a' 93 14031081 100322010033131010000230030333200950840910000001000100001i1040070072058

94 14040081 100001210031230810001231030333300950840900000000010000001 1028048080049

* 975 14050081100303220031 131010000330030333200950840900000000010000011054040072052

* .~ 96 t406i08110032i1t0032131010000331030333i010018409t0000000001 1001010042050069054

97 14070081 100301010031231010001230030333001002840900000000010000001 1033060080058

98 140800811002020100322310100003300302330010008409000000000100000010031080061057

?9 14090081100320110031 1310100003320303332010008409000100000000000010039040076052

100 14100081100321010031 1310100011300303333010018409000000000 100100001037040080052

101 14110081100321010031 131010000130030333301000840900000000010000011037040079052

102 14121081103l212i0031 1310100001301303322209508409100000000000000111043040079051
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104 14i4t081t00t2t01003i 1104050001300303331009508409100000000000000011026003065029

105 1415008110032201003113101000033003033301100184090000000001it0000t 1040040065048

106 14160.8-t001220iO03i1310i000113003O3333010008409000000000100000011029040080050

107 141700811002210100311310100001300302334301000840900000000010000001 1031040065045

108 1418108110032222003313| 0 0000230030333330952840910000000001 t00it 054070100071
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